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This research effort involves a comparison between the
actual repair parts demand data generated by the forklifts
at Naval Supply Center, Oakland, California, during calendar
year 1975 and the allowance quantities of the applicable
allowance parts lists (API's). The comparison is accomplished
from three perspectives: the first perspective evaluates
the degree of correlation between line items demanded and
the line items appearing in the APL's; the second perspective
provides a projection of the effect of increased forklift
operating hours on the quantities demanded among those
demands for line items allowed by the APL's; and the third
perspective identifies those line items for which demand
generated rendered the quantities demanded significantly
different from the quantities allowed by the APL's. As a
result of these comparisons and the low correlation between
demand data and allowance projections, it is hypothesized
that the crucial variable contributing to this low correla-
tion is the low utilization of the equipments in terms of
annual operating hours. The conclusion reached is that APL's
for forklifts, as presently formulated, are a support plan-
ning document of dubious value in situations of low equip-
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I. INTRODUCTION
A. PURPOSE OF RESEARCH
For a number of years the author was stationed at activities
at which he was a principal benefactor of the materials handling
capabilities of forklift vehicles and for which equipments he
was responsible for the repair parts support. Invariably the
author experienced difficulties and frustrations of varying
degrees in attempting to establish an optimal forklift repair
parts support position locally and, it seemed, the allowance
parts lists were either nonexistent or not very helpful in
the particular situation. Harking back to these earlier exper-
iences, the author set about this research effort to learn for
himself what it was about the allowance parts lists that had
not lived up to his expectations. Now, removed from the
personal and professional attachment to a group of sometimes
marvelous, sometimes cantankerous machines, the author has
attempted to objectively evaluate his hypothesis that the fork-
lift allowance parts lists are not what they should be in
terms of accuracy and reliability as a support planning docu-
ment. The author admits to having entered this study with
considerable bias, much of which has been dispelled as a
result of this effort, but the author believes that his
research has unearthed the possibility that allowance parts
lists for forklifts could be substantially improved by the





It was not until World War II, when
the U.S. Navy used fork-lift trucks
to perform prodigious feats of loading
and unloading battle cargo, that U.S.
industry woke up to the fact that it
had "been squandering its manpower by
doing most of its lifting by hand \J
.
The U.S. Navy continues to accomplish staggering volumes
of material handling with its extensive inventory of fork-
lift vehicles as do also the other military services. By
virtue of its unique combination of mobility and lift cap-
ability, the forklift vehicle in its varied forms provides
an extensively adaptable capability possessed by no other
form of materials handling equipment. The flexibility of
the forklift makes it the single most vital equipment in
our general cargo handling endeavors both ashore and afloat,
and our reliance upon it is unlikely to diminish for so
long as U.S. foreign policy and military strategy dictate
the operation of large military installations abroad, the
continuous deployment of U.S. Navy vessels on all the oceans
of the world, and the massive support installations necessi-
tated within the United States. In essence, for so long as
the United States maintains the capability and readiness for
waging a prolonged war involving less than nuclear obliter-
ation, it will require the on-going maintenance of a far-
flung logistics effort of tremendous magnitude to make this
strategic alternative a credible reality. Such a logistics




The author served for eighteen months in Danang, Vietnam,
during 1968-1969 during which time his duties involved exten-
sive reliance on forklift vehicles as well as intensive efforts
to develop local stocks of repair parts in support of a variety
of types of forklifts. In the latter effort, the author exper-
ienced numerous frustrations which, although usually met with
plausible explanations, nonetheless left this writer with a
vague sense of inadequacy in some aspects of repair parts
provisioning for forklift vehicles. The author has subsequently
mellowed in his assessment of the causes of the forklift
repair parts deficiencies at that time, and he is now more
conscious of the severe environmental conditions present, the
abusive equipment operating practices, and the uniqueness of
the Vietnam War itself which rendered past repair parts usage
data largely inapplicable. Nonetheless, the author's curios-
ity about the adequacy of such repair parts planning has per-
sisted and has led to this research effort.
Logically, or so it would seem, the proper starting point
for such a research effort should begin with the identification
of an activity having a significant population of forklift
vehicles, the identification of those vehicles, and the
identification of the applicable allowance parts lists.
The Naval Supply Center (NSC), Oakland, California, provided
a seemingly perfect place to conduct such an analysis in that
a large number of forklift vehicles were in use there, thus
minimizing the probabilities of a single machine having such
11

extreme parts requirements that it would skew all the parts
utilization data for all equipments from a normal pattern.
As will be seen later, however, the large numbers of fork-
lifts posed a different problem in that there undeniably
exists an abnormally low annual operating rate on the average
per equipment which manifests itself in the form of low parts
usage rates. Although this pattern was not recognized ini-
tially, upon becoming aware of this low parts usage rate,
the author elected to continue his research in the belief
that over-provisioning in a low parts utilization situation
is as economically inefficient as under-provisioning is
ineffective in a situation of high parts utilization; hence,
the author believed that whatever his findings, there existed
the potential of revealing some information of use.
Having identified the activity and its forklift equip-
ments, the author embarked upon an effort to identify the
applicable allowance parts lists (AFL's). In this effort the
author was invaluably assisted by the Navy Ships Parts Control
Center (SPCC), Mechanicsburg, Pennsylvania, the Navy activity
cognizant over the preparation of allowance parts lists for
all such material handling equipments (MHE) . Personnel at
SPCC conducted an interrogation of their computer data bank
by respective USN identification number of all ^21 forklifts
on the NSC Oakland MHE allowance. The output of this inter-
rogation revealed that a total of 130 of the forklifts were
specifically covered by 18 different allowance parts lists,
the remaining 291 forklifts on the NSC Oakland allowance
having never had AFL's developed in their support.
12

The revelation that less than one-third of the forklifts
on the NSC Oakland allowance had "been provided with a formal
support document prompted the author to inquire into the
policy, if a policy indeed existed, concerning the prepara-
tion of API's for MHE assets. Conversations with knowl-
edgeable individuals at both the Naval Supply Systems Com-
mand (NAVSUP) and at SPCC indicated that whereas there
had always been a consistent policy of preparing API's
for forklifts employed aboard ship and at overseas activ-
ities, the same had not been true of MHE assigned to U.S.
shore installations. The explanation for the sporadic
preparation of APL's for shore-based MHE was twofold:
(1) there has existed a communication and/or coordi-
nation problem such that much of the MHE formerly pro-
cured by the Defense Supply Agency (DSA) was not always
referred to SPCC for APL development whereas most MHE
purchased by or authorized for purchase by NAVSUP was so
referred; and (2) there has existed the belief that
U.S. shore activities could and would find it advanta-
geous to obtain much of their MHE repair part require-
ments from local commercial sources. This situation has
prevailed until slightly more than two years prior to
this writing. Although there appears to have been no
new policy statement formally generated, there does
presently exist the tacit understanding that APL's
will be prepared for all MHE acquired for U.S. Navy
use ashore or afloat provided such acquisitions are
13

communicated to SPCC for action. Just how this communication
is to take place is not clear to the author as he was unable
to ascertain whether or not any channels or procedures had
been established to facilitate this crucial first step.
Nonetheless, the intent appears to be directed toward in-
creased development of APL's for MHE.
The origin of APL parts usage projections for forklifts
is interesting, if not sophisticated. Essentially, the
burden for determining which repair parts and in what quan-
tities to include in the APL's resides with the contractor
from whom the forklifts are purchased. The contractor sub-
mits an estimate of ninety days parts usage as an initial
outfitting of repair parts in support of the equipment he
is supplying. This list is reviewed by NAVSUP with consider-
ation being given both to the adequacy of the outfitting
and also to the financial implications inherent in such
support documents. This edited outfitting list is passed
to SPCC in the form of a lead allowance parts list from which
an APL is developed.
In the author's opinion, the significant weakness in
this procedure of APL development lies not in the procedure
itself, but rather upon the ninety day endurance criteria
upon which the APL's are based. It would appear that the
customary ninety day time frame has been invoked for use
in conjunction with MHE as it is in most other Navy-owned
equipments for which APL's are developed.
In this paper the author expects to demonstrate the
inseparable relationship between equipment operating hours

and requirements for repair parts on forklifts such that
creation of a repair parts allowance support document based
solely on a ninety day endurance level but without regard
to the variable of operating hours can result in less than
optimal inventory and inventory funds management. It is
the author's belief that there exists a high degree of corre-
lation between repair parts usage, especially those parts
normally replaced during periodic preventive maintenance
actions, and equipment operating hours. Indeed, there
would appear to be considerable support for this line of
reasoning both among the major manufacturers of forklifts
as well as among various Navy commands cognizant over some
aspect of forklift reporting and accounting. In the first
instance, many, if not all, forklift manufacturers prescribe
in their parts and service manuals certain periodic main-
tenance actions to be performed on the equipments and the
intervals between these maintenance actions are usually
specified in terms of operating hours. Secondly, the
Naval Supply Systems Command seems to support this posi-
tion in NAVSUP Instruction 10^90.32 from which the follow-
ing excerpt is taken:
Each activity must establish a preventive
maintenance program, appropriate for local
operating conditions, which will encompass
. . . a planned program of periodic in-
spections and maintenance based on actual
vehicle or equipment operation as measured
by an equipment mounted recorder .... </~ 2_7
15

In addition, this instruction continues its use of operat-
ing hours as a measure of equipment wear by providing a table
containing the projected maximum economical utilization of
MHE in terms of years which are in turn equated to cumulative
operating hours per equipment and yield an expected life based
on twelve hundred hours of operation per year. The Navy Comp-
troller (NAVCOMPT) would appear to substantiate these equip-
ment life expectancies in that NAVCOMPT guidelines for compu-
tation of equipment depreciation, when such is appropriate,
cite the same number of years over which to charge the depre-
ciation as the years provided by NAVSUP in defining maximum
economical utilization of MHE /""2/
.
One further instance of Navy use of operating hours to
gauge the degree of equipment utilization is provided by
SPCC in its instructions to activities having MHE with regard
to the submission of data to SPCC in the Annual Report of
Materials Handling Equipment. At the end of each calendar
year, activities having MHE report the actual cumulative
operating hours for each equipment and, for the year just
completed, report the actual operating hours for the year
as a percentage of two thousand operating hours £~\£/ >
The author has dealt at length with the matter of operat-
ing hours as a measure of equipment use and wear because they
will be used later in the development of the comparison
between actual repair parts usage and APL projected parts
usage. What matters is that there is formal recognition given
to operating hours in certain reporting requirements on
16

equipment usage, although applied standards of operating
hour-years vary from 1200 to 2000 hours, depending on the
command involved.
C. SOURCES OF DATA UTILIZED
1. Repair Parts Usage Data .
The forklifts and other automotive assets belong-
ing to NSC Oakland receive their maintenance from the trans-
portation maintenance section of the Public Works Center
(PWC), San Francisco Bay Area, Oakland, California. While
the PWC headquarters are located at nearby Oakland Army
Base, the PWC transportation maintenance section is situated
within the confines of NSC in a building shared with the
Supply Center's Labor and Equipment Division under whose
cognizance NSC's MHE falls. The author drew upon the retained
records of the PWC transportation maintenance section to
collect the actual repair parts usage data experienced by
NSC Oakland's forklifts during 1975 • The records were of
two types depending on the nature of the transaction involved.
The first set of records consisted of Material Requirements/
Issue Documents (NAVFAC Form 9-1101^/8) which contained
history data for all parts ordered from commercial sources
under the purchasing authority of various Blanket Purchase
Agreements (BPA's). The second set of records consisted of
Material Issue Lists (12ND PWC Form 7323/1) which reflected
those items issued over the counter from the PWC transporta-
tion maintenance section shops store. The shops store carries
an inventory of approximately 2000 line items of various
17

automotive components and is stocked using Navy Industrial
Funds (NIF) . The items carried in inventory by the shops
store are both standard and non-standard stock items, that
is, they have been obtained from both the Navy Supply System
and commercial sources and therefore are identified to
National Stock Numbers (NSN's) and local stock numbers
respectively. To permit identification of the method of
supplying the parts requirements at the time they were gen-
erated, use of an "I" for shops store issues and use of an
"0" for BPA order actions is indicated throughout the
appendices under the "Act" (Action) column.
Both the Material Requirements/issue Document (MRI)
and the Material Issue List (MIL) call for the use of both
the accounting job order number to be charged and the equip-
ment USN number for which the requirement is being obtained.
By and large, these two pieces of information were present
on the documents even though throughout Fiscal Year 1975
either piece of information would suffice -to identify the
equipment for which the part was being sought. This was
true because each USN numbered equipment was also given a
unique accounting job order number. Commencing with Fiscal
Year 19?6, however, job order numbers were assigned only for
each equipment cost code as defined by NAVCOMPT . Consequently,
in the few instances when USN numbers were not annotated on
the MRI's and MIL'S, it was impossible to assign the required




The author relied largely on the Julian dates of the
transactions to ascertain whether or not the parts usage
data was rightfully to "be included among the data generated
during the year 1975 • Nonetheless, requirements generated
early in 1975 a-nd early in 1976 were reviewed "by Shop Repair
Order numbers (SRO numbers) to ascertain whether or not the
requirement was associated with an equipment maintenance
action which had commenced in one year and had carried over
into the following year. Those items ordered early in 1975
for equipments on which maintenance had commenced in late
197^4- were excluded from the parts usage data and, by the
same token, those items ordered early in 1976 for equipments
on which maintenance had commenced in late 1975 were included
in the parts usage data. This policy was employed based on
the reasoning that more important than the date of actual
material ordering was the date in which the parts failures
had caused the equipment to be brought into the shop for
maintenance and repair.
Following his collection and organization of the
parts usage data, the author screened all items having
National Stock Numbers against a current Navy Management
Data List in order to identify and rectify possible trans-
position errors which had occurred in his data recording
process or which had been entered incorrectly on the origi-
nal order documents. Subsequently, for those equipments
having assigned API's, the author attempted to cross to




2. Forklift Identification and Operating Data .
The author relied on the DOD Property Records (DD
Form 13^2) contained in the equipment history jackets for
specific identification of the make, model, year, capacity,
and manufacturer of the NSC Oakland forklifts . The informa-
tion was then compared with the manufacturer, year of manu-
facture, and capacity indicated in the Annual Report of
Materials Handling Equipment generated by SPCC. Discre-
pancies were resolved in favor of the data contained in the
SPCC report as this information had been provided by the
contractor who supplied the equipment to the Navy. All but
the year of manufacture is indicated in the appendices and
a key to the manufacturer and model codes can be found
immediately prior to Appendix A.
The operating hours of each forklift were derived by
taking the difference between the cumulative operating hours
reported on the Annual Report of Materials Handling Equip-
ment at the end of 1975 and the figure reported the previous
year.
As indicated previously, identification of the applica-
ble APL's was accomplished through individual equipment USN
number interrogation of SPCC's data bank. In that all the
forklift APL's are identified to nine digit numbers commenc-
ing with "95000," the last four digits are significant in
distinguishing between APL's. These four digits appear in
the appendices when applicable and indicate those parts




II. SCOPE OF THE DATA
Equipments included in the study consists of the 421
forklifts which comprise the NSC Oakland allowance for such
vehicles. Although the PWC transportation maintenance sec-
tion performs maintenance on forklifts belonging to activities
other than NSC, the author chose to limit his research to
the NSC assets both because there appeared to be more than
enough parts usage data to support a study of this nature
and because other data such as equipment operating hours
was known to be available.
Of the 421 forklifts considered, 130 of them have APL's
assigned. Within this group of 130 vehicles, parts usage
data was generated by 115 equipments during 1975 • Among the
15 vehicles experiencing no repair parts requirements were
all 5 vehicles for which APL 950004230 is applicable, all
4 vehicles for which APL 950002612 is applicable, and the
single vehicle for which APL 95000420 2 is applicable. Col-
lectively, these 10 forklifts accumulated 3>209 hours of
operating without a parts replacement being necessitated.
The remaining 115 forklifts provisioned by 15 APL's gen-
erated 1,244 demands for 386 line items while operating
a total of 61,482 hours during 1975- The 130 forklifts
averaged 497.6 hours of operation for the year.
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The 291 forklifts on the NSC Oakland allowance not sup-
ported by APL's logged 115,237 hours of operation during 1975
for an average of 396.0 hours per equipment. Repair parts
were required "by 2^-5 of these vehicles during the year, the
remaining k6 forklifts having no parts replacement actions
during that time. A total of 2,831 parts demands encompass-
ing 916 line items were generated by the 2^5 vehicles.
Collectively, then, the ^21 forklifts operated a total
of 179 > 928 hours for an average of ^-27 >^ hours per vehicle.
Had the same number of forklifts operated at the NAVSUP stan-
dard level of 1200 hours per year, they would have logged
505,200 total hours; at SPCC's standard of 2000 operating
hours per year, they would have amassed 8^-2,000 total hours.
Relative to these two operating standards, therefore, the
NSC Oakland forklifts were utilized at 35-6 percent and
21. ^ percent capacity, respectively.
One cannot state that the level of utilization of NSC
Oakland's forklifts is indicative of excess capacity based
solely on the undeniably low percentage of utilization when
compared with NAVSUP and SPCC standard operating hour-years.
To do so would not give adequate recognition to the immensity
of the physical facility of NSC Oakland and the necessary
dispersion of forklifts about that installation at various
working areas, some of which undoubtedly have small but
repetitive requirements for the services of forklifts.
Nonetheless, an excess forklift capability is evident and to
rectify that situation NSC Oakland has requested disposition
instructions for ^5 forklifts.
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The author cannot leave the subject of standard opera-
ting hour-years without attempting to place these standards
in perspective relative to NSC Oakland, Subsequent to the
withdrawal of the United States and its involvement in South-
east Asia, the Naval Supply Center Oakland experienced a
substantial tapering off of business levels. Hence, the
resultant excess forklift capability and the associated low
usage rates of the assets. Presently, NSC Oakland operates
a single shift, forty hour week in most of its functional
areas with a minimal number of employees working a swing
shift in a few areas. Use of forklifts by this swing shift
is so insignificant as to not warrant consideration in a
discussion of the operating hours performed by MHE assets
at that activity. This being the case, the SPCC standard
operating hour-year of 2000 hours appears unrealistically
high in that it implies continuous operation of each equip-
ment throughout the entire eight-hour workday each and every-
day of the workweek for the entire year. On the other hand,
the NAVSUP standard operating hour-year of 1200 hours appears
to be reasonably achievable at an activity such as NSC
Oakland at which a single shift is the rule. In this case,
a forklift would need to operate an average of ^.8 hours out
of every eight-hour workday to accumulate 1200 hours of
operation per year. No doubt there is some quantity of
forklifts which would average operating at this rate at NSC
Oakland were the volume of material handling to remain rea-
sonably constant. It is not the intent of this paper to
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propose thai; such a forklift population be determined and
then implemented; rather, it is the author's intention to
suggest a reasonable standard of operating hours against
which normal equipment wear might be correlated with repair
parts usage. It would appear that the NAVSUP standard oper-




III. PRESENTATION OF DATA
A. METHOD OF COMPARISON OF USAGE DATA AND APL PROJECTIONS
Using a manual review method, the author attempted to
equate each and every item of actual parts usage data to a
corresponding part in the APL. The author makes no claim to
expertise as a forklift mechanic, yet he does possess a work-
ing familiarity with automotive mechanical systems in vehicles
having internal combustion engines. In those instances where
the author possessed certain knowledge of the system within
which a specific repair part would logically he included in
the APL, he reviewed that accessory APL first. Locating the
corresponding item or an interchangeable item therein (the
author's policy of ascribing interchangeability will be
described shortly) , the author concluded his effort to find
a match for the repair part in question. Failure to find a
match in one accessory APL led to a search of all the acces-
sory APL's, if necessary, until a match was determined to
exist or not to exist. Although tedious, this screening
procedure was exhaustively conducted for every item of actual
usage data for a given APL, the writer reviewing both the
primary identification numbers in the APL's and also the
multi-reference numbers in an effort to find a match. In
the event that the item of usage data had no match in the
25

AFL, the author then determined within which system the
demand should be reflected, if it was within his scope of
knowledge to do so. Certain items of a general nature such
as gaskets and ball bearings which were not specifically found
in the AFL almost consistently defied assignment to a specific
system and hence were recorded as demands for items not al-
lowed by the APL but not charged to a specific system of the
equipment.
The author attempted to ascribe as much of the actual
parts usage data to a corresponding item allowed by the APL
as he possibly could. To achieve this goal, the author took
the liberty of ascribing interchangeability by edict when the
items were known to him to be like items even though such
interchangeability might not be technically correct or for-
mally recognized as such. The author relied on commonality
in nomenclature, and group and class designations to assist
him in this endeavor. In addition, he utilized the descrip-
tive technical data contained in the Federal Supply Catalogue
series to verify the similarity between the allowance listed
item and the item being considered as a candidate for inter-
changeability. The author elected to pursue a conservative
policy in ascribing interchangeability, however, in the
belief that it was preferable to err on the low side than
the opposite, but there were some items such as spark plugs
which were virtually automatically assumed as interchange-




Because of the low hourly operating level experienced
"by NSC Oakland forklifts, the actual parts demand data
typically falls far short of the suggested quantities indi-
cated in the appropriate column of the APL. In many cases,
the entire year's demand for a given item falls short of
the quantity projected for a ninety day enduarance level.
To facilitate the production of a meaningful comparison,
therefore, the author has utilized three perspectives from
which to analyze the data generated by the particular fork-
lifts specifically supported "by each of the fifteen APL's.
The first perspective involves a simple line item com-
parison "between the parts actually required by the equip-
ments and those parts allowed by the respective accessory
APL's. The author has interpreted the term "allowed" with
respect to those items listed in the APL's as only those
items having a positive quantity indicated in the appro-
priate column for the given population of the equipment;
hence, those items listed but having no quantity or a zero
quantity indicated have been excluded from consideration
as "allowed." Part I of Tables II through XVI under the
caption "Line Item Correlation Between Usage Data and Acces-
sory APL's" deals with this perspective and makes the follow-
ing comparisons:
(1) Against the number of line items allowed in each
accessory APL is compared the number of line items which
were actually demanded and which have identical stock number
(prime number) identification with those items appearing in
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the accessory APL; the percentage relationship for this
comparison is also shown. This same relationship is indi-
cated showing what percentage of the entire APL allowed
line items was demanded on an identical item basis.
(2) The number of substitute or interchangeable line
items (substitute allowed line items consisting of those
found among the multi-reference numbers and those defined
as interchangeable by the author in the manner previously
described) demanded within each accessory APL is indicated,
and the total number of such substitute line item demands is
given for the entire APL.
(3) Against the number of line items allowed in each
accessory APL is compared the combined number of identical
and substitute line items demanded. (Note that the number
of identical allowed line items demanded and the number of
substitute line items demanded does not necessarily sum to
equal the total APL allowed line items demanded because of
instances where the prime number and a substitute number or
more than one substitute number was used to obtain the same
item on differing occasions.) In addition, the total number
of accessory APL allowed line items demanded is expressed
as a percentage of the number of line items allowed within
each accessory APL. This same relationship is also indicated
collectively for the accessory APL's giving the total number
of APL allowed line items demanded from among the allowed
line items comprising the entire APL.
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(4-) The number of non APL allowed line items experiencing
demand within each accessory APL is indicated for the respec-
tive accessory APL's as well as a collective total of these
figures for the entire APL. The non APL allowed line items
demanded consist of those items believed by the author not
to have been listed in the APL and for which demand was gen-
erated. In the case of the majority of the line items cate-
gorized as not APL allowed the author has no doubt but that
this is indeed accurate, but because of his conservative
approach to ascribing interchangeability there exists the
possibility that some of these items could have been correctly
considered as substitute items for those indicated in the
APL.
Although admittedly somewhat tenuous in terms of assump-
tions made, the second perspective makes comparisons between
the APL allowed quantities and manipulated quantities of
those allowed line items actually demanded. The process
utilized in the manipulation of actual quantities demanded
involves smoothing of the actual demand over the period of
the year by taking the total quantity of the line item
demanded during the year and dividing that quantity by four
with no regard whatsoever being given to the dates and quan-
tities involved in the individual transactions comprising
the total year's demand for any given line item. This
quartering of the annual demand permits a ready comparison
with the APL allowed quantities by placing both the APL
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quantity and the demanded quantity within a common, ninety
day time interval. This smoothed demand data is then com-
pared with the APL allowed quantities on three levels. The
first level is a direct comparison "between the smoothed
quantity demanded and the APL allowed quantity, the results
being expressed in terms of the smoothed quantity demanded
"being either less than or greater than or equal to the APL
allowed quantity. By virtue of the fact that the smoothed
quantity demanded was derived from actual annual quantities
demanded, this smoothed quantity is likewise based upon the
actual operating hours performed by the equipments which
generated the demand data.
To perform the second and third levels of this comparison,
the actual equipment operating hours have been averaged
among the equipments comprising the population governed
by the specific APL. This average operating hour figure
is then related to the NAVSUP standard of 1200 operating
hours per year and the SPCC standard of 2000 operating
hours per year by expressing these relationships as the
ratios between 1200 operating hours per year and the actual
averaged operating hours for the year and likewise between
2000 operating hours per year and the actual averaged
operating hours. The smoothed quantity of the line items
demanded is then multiplied by these ratios, the products
again being compared to the APL allowed quantity and the
results of the comparison again being presented as the
smoothed quantity demanded (accelerated by the respective
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ratios) being either less than or greater than or equal to
the APL allowed quantity for each line item.
Perhaps an example would best serve to clarify the process
just described. Suppose the APL allowed quantity for a given
line item is 1 (understand, of course, that this is a ninety
day endurance quantity of that item) . Suppose that this
particular line item is demanded twice during the year by
two of the six forklifts supported by the APL involved, each
demand being for 1 each, the total demand for the year for the
item thus being 2. Further suppose that the six forklifts
operated a total of 2,^00 hours during the year thus averaging
^00 operating hours per equipment. Smoothing of the year's
total demand of 2 yields a quarterly quantity demanded of
.5,
a quantity which is based on the actual operating hours
performed by the six forklifts. When compared to the APL
allowed quantity on the first level, .5 is seen to be less
than the allowance quantity of 1 and is thus recorded as
such. On the second level, however, the NAVSUP standard
equipment operating year of 1200 hours is found to be a
ratio of 3 times the actual equipment operating hour average
of ^00 hours. Multiplying the smoothed demanded quantity
of .5 by the ratio of 3 yields a projected smoothed demanded
quantity of 1.5 which, when compared to the APL allowed
quantity of 1, is reported as greater than the APL allowed
quantity. Likewise, on the third level the SPCC standard
equipment operating year of 2000 hours yields a ratio of
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5 times the actual equipment operating hour average of ^00
hours. When this ratio of 5 is multiplied by the smoothed
demanded quantity of .5, the resulting product of 2.5 is
again seen to be greater than the APL allowed quantity of
1 and is thus reported as such.
The second perspective, therefore, can be seen to be
an extrapolation of the actual line item demanded quantity
with operating hours treated as an independent variable and
with quantity demanded as a dependent variable behaving in
a proportionate manner with respect to increases in operat-
ing hours. The author acknowledges the tenuous nature of the
assumption underlying projections of this sort because it is
probably unreasonable to expect demand data to accrue in
such predictable increments. Nonetheless, it would be
illogical to deny that parts usage incurred in a lesser time-
frame would normally show increases in quantities over a
greater timeframe (ultimately, of course, for some given
period of time all parts could be expected to incur sufficient
wear to require replacement) . In view of the undeniable
relationship between time and parts usage, therefore, the
author deems the projections of quantities demanded as a
function of time (operating hours) to be warranted even if
there exists a known risk of imprecision in the results.
These projections are presented in Part II to Tables II
through XVI under the caption "Projected Effect of Increased
OP Hours on APL Allowed Line Items Demanded Qty."
32

Before leaving the subject of the perspective two analysis,
two comments appear to be in order. First, the author acknow-
ledges that it is highly probable that some, perhaps many,
of those line items which experienced no demands during the
shorter timeframe consisting of the actual equipment operating
hours would experience some level of demands over a greater
timeframe such as the time represented by the 1200 or 2000
hour operating standards. The absence of any demands for
these items over the short run, however, obscured any poten-
tial demand pattern over the long run and, hence, the demand
for these items was arbitrarily held to zero in the projections
made. This arbitrariness on the part of the author will hope-
fully not trouble the reader, for it is the author's intention
merely to establish a relationship between time (operating
hours) and quantities demanded, not to prescribe suggested
allowance quantities for each and every APL line item based
on this work.
The second comment which the author wishes to make concerns
the inherent pitfalls associated with smoothing the quantity
demanded in the manner indicated. The author does not wish
to diminish the importance of the relationship between fre-
quency of demands and quantities demanded. To do so would be
to ignore the fact that many maintenance actions, at whatever
intervals they occur, typically require a multiple quantity
of a particular part or parts on a single occasion. An
engine tune-up is one such example in which all four or all
six (depending on engine size) spark plugs are typically
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replaced. An overhaul of an internal combustion engine is
another case in point wherein all four or all six pistons
and associated parts are frequently replaced at one time. .
By and large, the various APL's seem to take this multiple
quantity requirement into account for most such items, at
least so it appears as judged from the standpoint of the
actual demand data matched against such APL allowed items.
One striking example exists, however, wherein the APL's
typically do not take into account the pattern of multiple
quantity requirements for an item on a single occasion.
This situation is frequently found in APL allowed quantities
for tires, especially when the indicated allowance quantity
governs a small population of equipments. Usually the APL
allowance quantity in such situations is indicated as one,
but the actual demand data for tires shows that a quantity
of two is usually ordered on any given occasion. This pat-
tern prevails not only because the tires on the front or
the rear of the vehicle wear out at approximately the same
rate, but also because to mount a new tire on one end of
an axle while retaining a substantially worn tire on the
other end can create vehicle steering problems, as well as
posing potential difficulties in load-balancing and causing
undue stress damage to the axle.
The author has cited the foregoing examples as an indi-
cation of his awareness of such multiple quantity require-
ments and their importance. Nonetheless, because of the
extremely small quantities demanded and the infrequency of
3^

the repair parts demands generated' by the forklifts at NSC
Oakland, smoothing of quantities demanded presented itself
to the author as the method yielding the most meaningful
basis for comparison of actual demand data and allowance
quantities. When evaluated over any increment of ninety
days, actual demands for most line items almost never resulted
in quantities demanded which consistently approached or
exceeded the APL indicated allowance quantities, tires being
the single notable exception to this situation. True, other
line items either through a single demand for an exceptionally
large quantity or through an occasional density of demands
within a short period of time sporadically exceeded the APL
allowed quantities but no recurring pattern was evident in
these instances. In addition to the desirable element of
a consistent pattern obtainable through smoothing of quantities
demanded, this technique has the additional advantage of being
easily equated to a measure of time and operating hours.
For this reason the author has pursued the use of this
method in spite of the inherent failure of this practice
to give adequate recognition to items typically ordered in
multiple quantities for a single application.
The third perspective is possibly the most revealing of
all. The author has smoothed the actual demand data pattern
as before for comparison with the ninety day quantities pro-
vided by the APL. From this smoothed quantity demanded, the
author has evaluated the significance of the difference be-
tween the APL allowed quantity and the averaged demand data
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quantity. The criteria used to determine the significance
of the difference is a product of the author's judgement and
is flexible in that it consists of no rigid percentage in
the smaller quantity range. This flexible criteria was
necessitated by the overwhelming number of A PL allowance
quantities being one or two units of any given items such
that had a significance in difference been defined in terms
of a fixed percentage, the criteria would either have been
unacceptably tolerant of large differences among those
allowance items having substantial quantities allowed or else
the criteria would have been unacceptably intolerant of incre-
ments of one unit differences between demands and allowance
quantities where the latter were small. Only at the point
where the allowance quantity is 16 or greater do the criteria
for determining the significance of the difference settle
into a pattern of plus or minus 25 per cent. The resulting
criteria for defining a significant difference between demanded
quantities and AFL allowed quantities are depicted in Table I
and the line items having differences thus defined are listed
in Part III of Tables II through XVI.
B. COMPARISON OF USAGE DATA AND AFL'S
Comparison of the actual repair parts demand data and the
APL parts projections has been summarized in Tables II through
XVI and, it is believed, will require little elaboration
although familiarity with the methods employed in making




CRITERIA FOR DETERMINING SIGNIFICANT DIFFERENCES
BETWEEN QUANTITIES DEMANDED AND APL ALLOWED
QUANTITIES
Differences between the quantity of a line item demanded
and the quantity of that item allowed by the APL will be
treated as being significant if:






























































































































































































h-1 Q Eh QfkHHZ
<;s <;




PL, q pq q
<C W Eh pq3 M Q
^ o s
<C i-q C£) <




Eh § § QDOWW































O O O O O no OOOOOrHOOOO ^3-
o CM CM
rHOrHOOrHOOOOOOOrHOOO






























































O O o o o
r-\ r-^ r-\ r-\ r-\
O-ONCArH CA
rH rH CM (TMnO O O O O
VT\ VP\ XO VN VP\













S S P EhQ W Of 6Eh O P
GO MSP <q W
s M h PW W >S CM vnv^ P s ^O








P Poq 2 >H
PL,
mV W Eh<•> <c O* CMcnCMCMCMCMCMCMC^OCM Os-j- CM CM CM CMQ § M M CM MW s S P Eh M
g




Eh PC oq Ed GQ
s D S P >H WO o W Eh Oo X EhOO 2
W
P4 M P PC PCM o w > w VOiCM CM g 2M 20Q M x w !^J COtSONCOH^OCO 0-3" 0NM3 ON^ 0-^± CO
a
H M P * s«—
^
M O H^ONHOHCO^n O^vO -j- -3" C^ ON ON £>-
oq —H O-00 p O M ONMD CNCMMOMCO OC0 H;4" H ^N^
PQ <Q W oq <; \o O- Eh O m (TNMD CM O O O ONMD -3" -j- MD O- U^vO -j-
<c § • • E-^ GQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
EM 2 W el C-CM 2 O-CO ^J-COMD O-O-CM O-CMCO CM VOiCO OC0CMo PC Eh PL, M <c PC CMMOOOOCMCM^ONCOCO ^AvO 4"W02 2 i-h<c II 11 O ONO-O ON ON ON ON £>- ON O CMVO ONON^^C"-M O O M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1M M w PC OOOOOOOOOOOOOOOOO
fe EH Er^ M 2 OOOOOOOOOOOOOOOOOo " <C < 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1O PC PC O En O^iAiA^OO^A^^O^OO OO OO
EH ;> >^—
»
M PC CMOOOOCMOOO^-HMC^CMCMC^CMO <c GQ <S MCOC0COC0 MC0C0C0 ON CO ON^-O-ONO ^
E PC PC PL, (r^CMCMCMCMC
r>CMCMCMCMCMCM^-^-CM<r>CM
PC >-< >h O
fe P sW O PC PC
X p
M
>Q < OW M X X X O
Er^ 2 PCO Pm Pm GQ s 2
w poo £ z.
f-D < W PC soo DOO Er^ 10 IIK Eh O O M En 2 Eri Er< P PC S PC
PL, O CM Mfd MM >EhWEh2 §22 (P eh P o>
DE11J PCXP XWgqW X H•
- s s 2 M 2 pL,>o<: pxi 1 PZM 000 M Oft 1 O OOZWEhPEh P-, mM
p M O SlOPCPC22MiS>S >lMW2 WMMiPCglWOn ^ 1 E(
E^ www Eh 2 PC>MK«PCPCPOS^cgSWPCEH2
PC OQ GQ OQ PC <HqpCGQO<;<;<E-iwow<:GQ<:PM
< <;<;<: <S W<PHpOWWWOpOPpOPL,(jqO















































NO H CM NO




I I I I
o o o o
o o o o
I I I I
o o o o
cm en en cm
























































































































CJ O ft o
X S 3: XM 1—1 1 M
W W o xO O 2 o
<<h<;










Ph O O US Z S 2
I M M M
O U X X X2 X O O OM r-H <C < <











































































































































































































































































































































































































— «» [xi - f_p c5







































rH rH H rH HO O O O O
U"N U"\ U"N XTN ITN






















W 2PQ H 22 — 55
g cowX S Q >hP X Eh
Eh O d















., XQ <C XVX o
P 2 2P2 O M2
IH >-»<; J>-(
E-t 00 2 Eh2 CC WWGfO P S QO o X Q
1
— K Eh O WH 2 3S o o- o-M - H O HM o X> (-5M 2<;h1Q MP <C
x X pp 00 X oo E
^—^»>—•.
X <: XOM
<C m o s<; no\
Eh PC w •o cr; eh CM C^2 2M II II
l-H O O
H H




cr >h >hX P
x o cr cr
X P pQ o o
w Ph X X
EH OO X Pm
x X o o
1-3 <o poo
CC Eh O OX O CM O
< M CM
. 2 2 2M o o oM Q P. P
Eh WWWX oo oo oo









































































































Eh i oM Eh 2M X2




l-H w p X lM s 2 l Po M X 2
Eh 2 cr > h
cr <c P X


























CO rH o co
ONrHMD-3-
I I I I
o~o CM CO
ON CM CO CO
ON ONO CM
I I I I
o o o o

















































> X XP oo a





















































































































I I I 1
CM CM r-|.cr
Jt <-\ CO vQ
t^O NO






o o o o
CM CM mm



















-cr on co cm H
mmm\o no
NCO O rH ON
rH CM CO rHNO
I I I I I
onj- on^-
!>-CO ON^NO(N-ON^mo
I I I I I


























cm ON^h cm voi\o on^- mO O- (N-U^rH CM vn-3- O
CO ONCO O- O OlNtSN
cm no co m o- c^m m-d-
i i i i i i i i i
^A^- CO ON^t
-^T ON ON O














o o o o o
o o o o o
I I I I I I I I Iooooooooo
mmmcM mmcM cm m
OnOnONO-OnOnC^-IN-O-

















I XX Eh I
X m Eh



















P XX en 3
i i i
o o x2 X M
I—I rH XKXO
<c oq x






































i pq >hX OQ X



























<c T3 CD cd T3
rH CO O CD
>5 3 C -H O
S-. O CD i-t cd
o 5T3-PH
CO C O ft
co - O CD CD
CD U O <-\ U
o CD>—W
o > >i
cd CD £-1 C rH
£ O -H P
rH o -p C
r-\ X-H - CD
cd O P 3
cd C a1
c • ft CD CD
•H T3 Cd rH U
CD o cd ch
co p >
^ o cd -H CO
cd C 3-H
CD U a*
ft 03 O CD S
ft CD CD
/^
cd CO C ^ P
CO O O -H
p WJ CD t-I
w c C CQ^- COp •H ^J 3 O -H2 c CdHCM£
(H o CD 0\0 P
E-i •H 5 C 12 CD •H-j- CO COO •H p -d- cd ftO . > C CDVO 3
o cd ,£ 1 ft 1
h O P O 3 CDM ft •H O O CM tHT! 1 ^ 3
rH CD •H C O O +>P C CD rH
3 Cd MS On g bfl3 •H 6 >T| d) C
PQ a1 CO O P -H
< CD O S CO ?h









































































































-3- J- *nH H rHO O Oj- j- j-
I I I
ON^ACM


















































































































O-ON O O- O ^^A











-3- O O <nJ- OHOC^HO
U^O-CMCO-J-^O-^tN-COo













































W XPQ M SS
GQ&q






W > H H r-
1
M H X OP PW ^P2 Pm w<c
1—
1
o sP W P
CCEnfo








<c P VQ aM X s aX O M 2
xM 03 ^g
Eh x 03 WS X S Q >hO o W E^
o X Eh O Of
PL, H Q cm r-vn
> o w > w CMHH
HH 2 *u IsQ H X O
&3 W 1-3 Hi3 01 "^h1 *^*~*
CQ <S X 03 <C CACM
<; W o s CM O-
Eh x W P • •o X Eh Ph CM ON





E a xK >H >H
fe XW X P XP o o
w X X X
Eh oO PL, PL,
w P O O
ha <c
o X O O
x Eh O O
Ph a cm o
. S S X
HH o o oH Q Q Q
EH WWW
x 03 03 03





























































UN rH CA NO rH
ON UNO-CO CMOsOOONMMDOONCMO-CM^-^t r-H ON
-j- !>-CM ONrHNO CM CM ON O CM^j- r-{ 0NC0 O UN ON CNOn
-Hr COMD t>~\0 CO nHnWVOo CM ON^- 0"N\0^}- ONMD
UNO"Uj- CM O-^f ONnO ON^A^CM^itNOvO O ON NO CS-tlllltttllll tit 11Il lll lIIlll
tH un^- on no co^o^^^tsiNnno O CO NO O- ON
nhcowh-co^oocsocoo ONCONO CO OnO-CO CO
O O00 LHCM CM O-rHCO U^UNUN CM CO ON UN CM CO UN CO
1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1till
o o o o
1 1 1 1OOOO 1 1 1 1OOOO OOO OOOO




1 1 1 1
OOOO1111
vtn.ununo'lNUNUNU-noOOOOOOOOOOO
o o o^3- Or-IOOrHr-lr—IrH CMC0 CM-H- cncncnOJ
COOOCO ON CO CO CO CO ON ON G\ ON ONNO ON ON 0"N ON C^ VN
CM CM CM CM CM CM CM CM
O
w







Eh X § s X X <2 Eh W >hO P X E
x fe
Eh 01 O W Er* O Eh e 01 >p 01 01 1 p X w X P 01 P H2 P x 1 > <c >h w w j^WH 1 X P X X2 > W Eh ! P 01 X 1 X X p P E § M X PO l 1 2 O > Eh 01 W X P En X 1 X O X 1
w W W 2 1 w <s l w w W X" 1 x H - 1 1 Eh
1 P > S m ^J Cm X E-i 1 2 X w g P P P XP H P W XOPLtPSPPL.oi<qOEHW<;<q<:<





















































cm o o o cv















I I I I
O-UNCM CM
Cocoon










































































SB SB SB I
h0 H M HH (-0
< ds os os <cW 1 1 I w
O OS <
.



































































































































































































































































i-h" Q W H
P-» W Eh Q
<C 3 M SO <E
S ^ W SO^SHS <C H QH
GQ\&







o E3 Wo o O
3- X a W Q
1 <c Eh W
en Ph X 31
r-\ o Q EhO2 H J
- o < EhhhUVO > go <;
CO ON <z < PQ
o o Eh





















GO 2WO JO Pi
< <G






















-H- O CM O en^H- O O rH rH o
r>-
vn
O-rr CM UN--H VA£N
O^- !>-rH rH CM H










2 - S <CH Eh GO
o w <c<
.. .. j-,
w x<:S w os
OS X >h
o2

























































_W paP M s2 S >H
00 W Eh
S 2 Q <yQ wg OP
00
2 H PW
Ed w > ° r^-Hr co











*~* <c P VQ oM s 2PP o H 2
P '—' *SJH CO S >H
^ OS 00 W EhS P SQao o w




H S WH 3 oncm co
> o w> 92<p CM ,-1
w Q M X P3 w P^<P w .. >» v
<C < P 00 P CO o
Eh w O 2 S 3- co
s W <5 •
o P Eh onun
s P H n M






g p ccP >H >H
fe P
w o cc cc;
X P XQ o o
W PL, w P




K Eh O O
Pm owo
<; h cm








<c <: < <c





































































OM3HVD4- CN^J- O-iN-CM^-OOMDcJ- O^Q ON
OnO\OCOC0 4- rH o-u^co o-ono^j- ONCNCM ON
CN-vO O- OMD CO CM O-vO -± O-O O-j- vn, vn CN CM
OCO 0-!>~0\COMD^- iHCO^" O-CO -3" CO CO CM rH
i i i i i i i i i i i i t i t i illllllllllllllliiOiNHHHINN^WoO^^nN ON ON^t" ON
ONOnOOCO
-J" 0\£>~0^- !>-CM CO OCO CO EN-^j"O 0\C0 CO OCOCOCOONCOCO^O^OO o^aco
1 1 t 1 1 1 1 1 1 1 I 1 1 1 1 1 I 1llllllllllllllliiiOOOOOOOOOOOOOOOOOOoooooooooooooooooo
I 1 1 1 I 1 1 1 1 1 1 1 1 1 1 tilllllllllllllllliiioooooooooooooooooo
not^ono4-WH wwnnn wcmhh












Eh I EhWWWS > P H Eh






































Eh W WP P PH P S
o o o










































CD O - U
ft fc>JD ^ C ft O
3 C cd s p
O -H - ^ cd
rH <H CD ?H ftrH
so a u o 3
CD CD CH rH fcuQSX)£ •H CD
CD P t3 O ?h
+3 CQ CD
CQ - CD T3 O O
>>t-H u •H C C
U^ VO CQ Ph >
CM CM «C £ O -Td
• - >» 5 fn P CiHC^-OOOOOO ooNcncvin rH >S ft Sh cd
cd U m o
> o S CO ft -
CD cq CD TJ ft rH
CQ P 030P CD CQ rH CQ P
CO O >5 3
O O tfl fcifl cq ,a
S Cd C P -H
rH H •r-i U U
aS cd cd P cd -P
XJ o O ft CQ
C +3 -H CD -H
•H H C P T3
CD P C 'P4-O-t WCMOJCO^A^iW^OOC CD P In O cd





O C C H
•H 3 CD T3 cd -H
CH ras
§ T3 rH O•H Coo
C T3 >s cd
fcuO CD rH CD rH C
•H p !h a CQ
CO •h cd -h C -H
6 H b£) o P P
CM rH O-0\rH C^NO rH -Ch VO -CJ" ^A qH H 3 C P <P -HHnnooo^-Hnco^A^N O rH O CD cq cd fi
rH CM CO CM o f>—3" (N^AONOCO •H •h x! W)
00 CM \Q -3" O O O cnvO 00 O- <T\
1 1 1 1 1 1 1 1 1 1 1 1
0) >iP .c
h ^ p ft
CO -H
o-iH^-ono oow^r\o^ o CD cd -H O 5 O
r^\o r-i cm co ocon^ o-co H z >Ph £ C fi
0">CO O^OrHOO-O-ONOO
1 1 1 1 1 1 1 1 1 1 1 1 =* PhOOOOOOOOOOOOrH IN- <oooooooooooos O *•
1 1 1 1 1 1 1 1 1 1 1 1 o H fe •• mC^OOOOOOOOOO^S H O oa W












1-^ Eh W <S < <C








XO J3 M MOPhMO Xhq^ZCC K^O 1 lOs^ w .HPhMWOPhM IEhO 1 H PS 1 >
1 hh'QOSEhOOSZZOS iOEhO H
x;^ zpqi iwwi-^wwfewzWCCWH iWh^EhS^EhQ 1 bd H Eh




























































































































002 QW P3PP Eh P



























































o o o o o o o
o o o o o o o












O Eh CD «2 o or 1-3
- H 2 W DP CC <CWpqootx




CM CM <M CM
^MD O-ON
r-\ r-\ r-\ rHO O O O
UN.U^U^V^

































































































































































































CMCMCMCO-J-CMCM-^-CO^-^-CO^-COnO cn rH. cnvO U-NVOcnCMCOCO^-CMCMCMCMCMH W cn H
ON-ch ^O O-NO CM CO O-
\0 nO CV-d" ^n OnnO vO
oowo\o>^oo
On OnnO >ArI CO ON On
I I I I I I I IOON ON ^-3- O OONONOCO^r-1 OnOn
\0 NO O- O- u^NO NO no
I I I I I I I
o o o o o o o
o o o o o o o
I I I I I I I
o o o o o o o










O ON CO CO
O-NO ^ON
I I I 1
o o o o



































i i i i
CnI O-O-VO
<-\ Cn! CM CVJ
ONO NO NO
I I I I




Cn! Cn! Cn! CM
























I I I I





On ON On On























































CC b2 t-\ CC CCX Q O I I
HHpHH
x >h w x xooowuwoo
X
OQ
X2 2 CC2 2 XO O 1
o o o o
l 12 2
X X M M2 2 cc; cc _hhCuPhKKK







X XX 2 2 X2 <c <; 2
<q Eh Cd XX O CM Eh O I WO < enc^ l _3- Eh OQ
-a- o xx o 2XXXI l I I O O I < WOQOQOQWWWWEhEhWEhQ
nDXX0Q0Q0Q0QMM0Q22



























X M XO CC OQ





















^ rH nO OMDnO O-cn^CM CO O-O en en u^\o en en en en cm en cm
o CN-CC ON rH O-O- CM O CM CO £N-
Eh oh wno ot^n^H^
in. i i i i i i i i i i i
NO^-CMCMNONOCMCMCM.rr-3-
PC 00 CM C-NC^COCO cncTNcnCM o
o ON O-NO NO ON ONNO NO NO CN- r-\
1 I 1 1 1 1 1 I 1 1 1
cc
1 1 1 [ 1 1 1 1 1 1 1ooooooooooo2 ooooooooooo















• p >h >n OS >-i>h>h Ph
1—
1
z pq oq m mww cc iM H 1 WWO DQ OQ OQ ft UM s K <c <; 2 o <q <; < 2 2
o OS W M 2 1 H
Eh 2 WIWW^HWWWO^
PC ftC/30Q0QOCC0Q0QGQSCJ







<H e o cd "+H











T3 U > cd CD




> o -P -p cd CD
O CQ in 3 rO c -
(h O & o J-.
ftX ft O O
o ft -•p >>£.
-P 3 3 T3 rH +^
U £ CQ CD X -P 3
o
-P o CQ cd
ft O -P O -H O
ft O C c x: S CD
3 +3 CD <: x:
CO £ ca rH -P
CQ ft CD C cd
c ft-H- CQ O CQ C
•H cd 2 CQ ft •H O
-: CH CD 3 cd ft
CD !m CD c U 3
> CD ^ cd ft
•H ft CD cd -p ft CD
W x: cd cd cd n
c «. -p £-d cd
CD ca c s
XZ - hH •P T3 cd
CD h3 O C 5 C
Sn Ph cd cd x: o
ft<: CQ o g O -H
g C •H CD 3 CQ
O >)0 Ch T3 CQ CQ
o S-i •H •H CD
o •P C T3 CQ U
CQ CQ CvJ fcuO CD U ft
•H CQ .H •H -P CD S
CD 3 CQ 'H T3 'H
fcn. O ft s C
Ph o O O -H CD C




































































































































































































































O O rH O O H O
o o o o o CM o
ON
O O rH O O O O
\o unco rH r\c}- un
OS P-.O M
Eh |D •* -
(-3 O Of^SX SHDS
<a;H t-q Eh <oQ H 00 o o os zEt<cWHWUQ^0SPSpqO^rH>H2fMfQgXWWXD
ON ON ON ON ON ON ON
XT\ U^ XT\ VTN, VT\ VP\ U^
CM CM CM CM OJ CM CM
^-NO O-ONCO O H
rH H rH CM CM CNONOOOOOOO
\P\ vr\ u^\ UN, \A vo \o

























w 2 Q >hQ W Eh
Eh O CJ Ph a
to h 2: <C w2 H Q Q
W W > W Q 2 U^


















Eh •pQ <c ^V W Of CMCMCM^j-CMnOnOnQOO tuo
w o 3 H r-| r-| rH c!3 2 2Q Eh hJ CD2 o M 2 W Ph inM
Eh CO ^"S PQ <S
•p
CO
2 pc COW COO x 2 Q >n W •p
o o w eh o §1—
*
X EhOC? 2H 2 W oM Ph M Q PS PC •HM O w > w 1 1 P 2 •+H> 2<C 3 rH 1 1 w •HQ f-H X O w « C^ O C>-\0 VOH4" >A.* Q\ C
w W h3 3 H a -j- ^OMD 4-Ov0 4-^4-ri M3 to *^h! *—*.*—+, Q o rH O- O rH 0^^- ON ONNO O •H
pq <c W CO <c CM rH Eh O NO CO O CO CNnO VO wh CO
<; O 2 NO O- Eh CO 1 1 1 1 1 1 1 1 1 1
EH 2
PC Eh Ph
• 2 VN CM NO ^T\VO VT> «^ VTN. C^i ON Oo rH CM <C PC D-o-3- o-oo cm c^rv^- r-\
ti
s
2: 2 H <q II II a o O O-NO O W^ O- On On O OM o o M 1 1 1 1 1 1 1 1 1 1 <H1 H w PC oooooooooo
w Eh Eh H 2 oooooooooo w **
o 2 1 1 1 1 1 1 1 1 1 1 O COO Eh OOOOOOO-O-OO X
Eh >-^>_ M PC (TNCM C^O^rH CM O- O- CM fN, W EhO <c CO <C 0^10^^,-) OnOnOnOnOn X O
E PC PC Ph IJ^CM CMCMCnCM^^^OC^ Of spc >h >h a H WW X 2 EH SW o cc en hH
>
M Eh
PC COQ O O < Ph OW AtKX X 2 J
En O Eh Ph l-q PhO Ph Ph CO W l < <C
w hlOO 2 X O >-t PC
h> <: W CO PC PC CO wo ^ o o Eh PQ Eh CO 2 ^K Eh O O l—
(
J X PC 2 <C W ^
Ph o CM o
< r-\ CM
X O Qd CO Eh Eh
(.Q 2 HH CC PC 2r^O
O ^-'
• 222 H 2 hlXfflS PQ PC X Eh
rH<; 1 HK 1 QftQO •H o o o H >H Q Q Q 1—
l
O O i O i-q P-< O i I X <Cl Eh 2 i Eh 2 X X I PC
rH
Eh WWW Eh 2 h-lWMW i mcocoweh EH
PC CO CO CO PC <5<q20P-.cr;r3XC02: PC
« <C <C <C < WXMXXPHPCmpO <






































































































































































































































































fa Q Eh Q
fa fa H 2
o fa g2 fa 2 faO fa M Q2< fa
00^
fa S\


















































































2 " SH Eh GO
fa O 2O fa <EO fa fa







































































W ZQQ M 22 "1 >H
EH
s WW o1
w 2 P >hp W E-t
E-t O Of 6
00 H S <;
s H Q
w W > W -3- ^ACM o
eh z<:3 H pH H P O
Hi Hi
<c













*""S P OQ PQ P wWP <q hVo2 2: ZP EhM o HI 2 W
£h w< P2 00 5O P 00 W 00




O W EH oW Eh CJ C3? SBM H 2 ON CO rH wH P H) P OSH
>
o w> W2<S EQ H X O P
^ W p p H3 00 ^p >—*^~
v
o
PQ <q p oo <c OnNO
< frl o s ONNO Eh
E-t 2 W P • • P







fe Eh Eh HI
o - <C <O OS OS Po
E-t > v_^^. H
o <c 00
E OS OSOS >H >H OP p PW O OS OS
X P P
H
>Q o o <W p p p P
Eh oO p p 00
£! poo §f"3 <c wo POO Eh
£ Eh O O H
Ph
<C H CM




OS 00 00 00 OS














































I I I I I
cn^*- onno co
NO CO CM -3" CO
NO CO ^A CM CM
I I I I I
o o o o o
o o o o o
I I I I I
m o-3- o h
C~NCO ON CO CO

































CM NO NO O-
CO O CM O-
1 I I I
NO CO O CO







































PS HH N> OSW OS O <Cp P o P







SB PM 00 W





















































































































































































































• P P EH W
r-i PhMHQ
*H <cs s
it O (xj <CSPSSO h1 H W















































































































ON O ON rH <T\r-\ o o enco NO en








oo s •• a
^D HI Eh 00
<C PO g




NO NO NO NO
CVj CN1 CN1 C\]h u^no o-
o o o o
o o o o
VTN.\n^U"N
ON ON ON ON
o -
a p a
•- H PD s
Hi P < O


































































































Eh M gM > O
<fa

































































































o o o ooooooooo


































































































Eh GO GQH fa
fa fa
> EHfa
• fa fa faPM Eh X SfaHH o fa W
I
fa l Eh fa
fa l fa WW
Eh fa > faEH
fa O fa OQfa
<C o <: <z h
fa fa > fafa
fa
Eh O
Eh faO O faW fa fa
fa W fa
II Eh Eh
W fa fa W WP 00 fa fa ^O p <: GO 00H fa fa <q <C





W W M2 fa fa
00 00 O









































































































































































































































































































O O O O
CO CO CO CO
I I I I
^0^0^ C°\












































































<C m Eh W3 H Q30 S

































-=*• rH CM ON C^





CM CM o J" m CM o
VT\CMCMjH-C0OfHOrHOrH
c^-co cm o\o on-h- noMD n
r-{ rH CM rH CM
H i-h"
o - -
g X! •• -Hpg
ca <; w t-3 os < o2 ^JWWffiS
< Eh < &q W Q W








CM CM CM CM
NO NO NO NO
CM CM CM CM
rH. NO CN-CO
O O O OO O O O












































a S Q >hQ W Eh
00 H 2S MQ
w W> W
Eh 2<:§ IN-^O^-H H X O
1-3 ^
r-\ CM
W ^^q2 fe 00 <cM og
h! W tr1













fjM pc 00 w




Ph MP -3-nO O-





pq <*5 W 00 <s CO ON
<C M os ON CM
EH 2 W t-3
PC Eh P*
• •
o <H <r\2 2 H <C ll llH o o
1—I h-\W EH EHO
O PC PC
Eh >^v_*O <
W PC pcPC >H >HW p
w o os pc
Q o oW f^XX
Eh oO PL, PL,
B JOOO p o oK Eh O O
PL, O CM O
<: H CM






























































O J>-0 O rH O O O
-3- -3- OO^AON4-no4- O 0^-3- -j- ^A CM xtn
r-WO r-{ CA NO r-\ rH
ONO O-CO CM ONrHNO On
ON^CMCArHNO C^ONCA
(N- cano i>-no oo on vn C^lO ^h ^" CM CN--H/ rH NO ON
1 I I I I I I I IO O"^ ONNO CO NO ON W\
cano co cm jj- co cm co cv
ONOCO^CMCMCMOOCO
I I I I I I I I Ioooooooooooooooooo
I I I I I I I I I
o o^o^^no^no
nno-^ OrHCM OH
C^C-NCC ON CO CO iH CO ON
U^^CMCMCMCMCACMCM
rHOONCNO-OCMrHNO4-HN04-0 CO^f
CM O WnO <J\ C~\ P~\ r-\
U^CMVP,rH^- rHNO no
1 1 1 I 1 1 1 1 1
1 1 1 1 1 1 1 1 1
v^ o- ca-Ht o no o no oO O ONCO CO CM CO O-^A
U^vrNCM CM CM CM^OONO
1 1 1 1 1 1 1 1 1lllllllllOOOOOOOOOooooooooolllllllll
ooooooooo
rHrHCMVACM CM^-O^C^
















































C5 PCP PC Eh
yAOPC
































X ^ O-OOMDM} ^OON
o O-^j" H tH !>-00
a
o O-rH O\O-C0 ^O
Eh C^-CM ONONCncO
m oo 1 1 1 1 1 1
< -3- <r> o c^ ^^3-
EH as \0 O-VO CnrH^-
o O O CD O-O i—
1
1 1 1 1 1 1
ex
1 1 1 1 1 1
o o o o o o2 o o o o o o
1 1 1 1 1 1
EH
1 1 1 1 1 1
o o o o ^no
aS <r\o*\<r\o~\o r-{
<C p^ongnc^co H













l» WfHhlW as <
i_3 00 ft O PQW asftowoOK§2 W O H W HH Eh 1 WPK
as i-hPh o m<c
1 r-
1





















cd -p 3 •
CD O cd co
ft CD CD
&t-\ CD fclD
cd w x; cd
-P hQ
!-} CD





O H T3 ft
co cd CD <
CQ «H -P
CD O O >5
O CD c u
O ft o
cd co >> CQ
CD r-\ CQ
x: rH CD
o - cd O
Cd CD o o
CD > •h cd
•H ft
- CQ •H CD
>>c O -P
rH 0) CD cd
-H x: ft U
cd CD m cd
u U ft
CD ft CD CD
C B C CQj CD O O
o o S cd
ft *• 00
o 00 wX 00
w Eh 00X a w
Of z 2M






























































CO CO CO CO
3--d-.3--3-
rH rH H rH
I I I I
CO CO CO COH H rH rH
30MD W
O-CO CO ON
CO CO CO CO
3- -3-^-^3
rH H rH rH
I I I I
CO CO CO CO
CO ON UN rH
O-O-CO ON
CO CO CO CO
-a-.a--3--d-
rH <H rH rH
I I I I
CO CO CO CO







I I I I
CO CO CO CO
H rH H rH
rH O-CO ON
O-O-CO GO
CO CO CO CO
^-^-^3^3
rH rH rH rH
I I I I
CO CO CO COH rH rH H
ONO CM CO CO
O-O-CO CO O
CO CO CO CONO
3-
-3 ^--3-^t
rH rH rH rH rH
I I I I I
































































































































CO CM CM i
CM
rH rH CO rH^3
CM
UNO O














O-CO CM {>-NO <H ONCO-3" CM COcM O- UN
rH H rH rH CM
** •• •* r 7)
Eh O -faX
W c/2s-sx<;-Sr~^>MEHCO<C £xl
<Z fa O S fa
s fa s
•• rH - Z> 5
fa fa En <C •• O


















CO CO CO CO CO
CO CO CO CO CO
NO NO NO NO NO
CM CM CM CM CM0\03 unvoO <H rH rH rH
o o o o o
VA u^ \o vn vo
















































^ CO M X G?
w SPcfQ
Eh O Q e Q
CO MZ W <c 63S H 3 \OHN Q
w &q > o H CM Q X
En Z<X X <qM ^X X
1-4 «*
<c W U^ CM CM u^o- o- vn











<U X V >H orQ O Eh § en VAMD VO O CM -j- CVj" OO^OCMCMCOCMCM
W z ZQ M Eh £ VAH CM O-O- -j"x o H2^ w Cn M
s — <C Z m <;M co § <
Eh 04 WWD COS {3 soa wo o w o
o X En O QMZ W X
Ph HH 3 CM CN-MD 2 XM o w> o en cm rH w XX Z<s X XQ MX X X w OWO m o-oo woocNH^oo\oonwo^
w w X < M o -=}" ^ACO CM C^ r-\ \0 CM m O Cn^" H WoH^cn3 CO *•"•»«»»"
N
Q o -j- en u^md o-md c0rHencMC7\ocMrHenrH£N-iH
« <c fe CO J md en Eh VO^J- O-^J" CM CS-Hr vOO^OrH CMxnCM O~C0 O- CM
<C w vO^- Eh CO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Eh H w < • X h en rH -3- owe oo ^n vn xn\o o- en en on cn-^j- eno X Eh CM -3" <: X o-vo ^nco cmjj-oo onowoo o-\o envo o-S ZM II II o o oMDcoco^ncM cMrHco^ncMincM o o-cno oH o o M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1—1 M X X oooooooooooooooooo
fe Eh Er^ r-
1
X oooooooooooooooooo
o o2S X 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1o Er* voo^n^no^n^n^nooooo o^nt>~o o
Eh >^^ H X oenoo-^-OrHOHrHenrHCMCMco£>-cMenO <c CO <c co ncoco o\cooocoo\o\cno\o\ onmd o\o\ on
E X X X
CMU^CMCMCMCMCMCMCMCM^nCMCMCMvO^CMin
X >H >H oX X X
w O X XXXX H>Q o o
sW XXX
Eh o gO X x. CO
8 x oo 5 o w< w E-to x o o Eh X l
« Eh O O 1— X 2 W O Er^X o cm o
<C rH CM X
EhW>XX MO EhX X Eh W W Eh Eh O X En X
>ehxxxco ixxswxxxo w
• XXX M w XOXXl> >HfijXXCOXO X XM o o o 1— 2 ZiMWEnlXCOpI I XEhOW l
oehi ixo>coxq:xeh <:xixxowwwwx I <c I wwwxxmxoolX>>SMX X Eh X 2 X W Q CO Eh Eh
H 1—
I
oQ Q Q X
Eh WWW MX CO CO CO X QCOXXWXOQSXCOCO<UXXXM(-I
<c <: < <: <S o<:<:<qxxooxM<i:<;xwwx33















































































Os CM CO CM O- en\o -3- U^ CM
ON^j- O-cnvno <H ^nO-UN.
CM CM CM MD NvOnoOH
I I I I I I I I I I
C^vovo IN--J--3- O O-O-ON
r>H o-oo h ino w\<-\ ^n
O-CNCO U^ON^ArH r-{ H m
I I I I I I I I I Ioooooooooooooooooooo
I I I I I I I I I Ioooooooooo
CncncnCMmrHr-lr-lrHCn

































o\ en cm o cm
i i i i i
envo c>-co co
oo 0-cncj\O\
















OS MH Eh C5 O PQ O
Eh Ph SS W
s <C M HH hQ PS W OO C/2 X P os os S W & P OS
Eh <c >h PQ
00 OS O
o s PS 22W 00 Eh 2 w w o
v»* 2 P OS < 2 O H S W W !=>
< OS Eh OS < S 2 w <:s Eh Eh 2: iQ<PQ i JP g P Eh O W
OS fflgh I WHS M MWWK X P S i Eh W• pq OS PQ PQ P-* 1 1 Oh PS ^hwM 2 i O OlllEHlZSSi-Q<Clll >H >H O 1 1 ! -W^KOM w UOKKKOOEHHOHfLt^H WOOOOWWKW (xl O Eh 00 § OS32H<;tf pq1—
1
s ZKH^fqzzs^S^ I PhOOZZSZWWEh^
o M PQ 1 Eh 1 HHU 1—1 Eh 1 1W i HPSPSSPPSP&hPP 1 HHHH <q <q 00 ^ 1*2 hH ^ H - IEh 2 PS 1 W OS PS PS PC 1 O O OS 1 W<hlW




















W 0-3- C^ONMDVO r-CM CO^-vO CO rH^ C^-VOU^cO C^-CO O CA CM O- rH NO ^-3" CO NO






CM CO C^O O OOCO^-CMOCMO-OO-COOOrHCno O-CO CO^OCOV^C^C^CNi ONlllllllllllllilllllllllllllllllC0J-OOOOOONf°iOM)OC0 4-C0\0v0n(MoHHNHNfoinn lAK ONONOOOOO^OCM O-U^^f rH o NO ^ACO CM C^CO rH 00 CO CO CO CO C^C^O-OO rHCMrHi—IrHrHrHNOCMOOCMOCOOO-O-CM ON 00 OCOCOOOOOCD ONONOCOlllllllllllllillllllllllllllll
K oooooooooooooooooooooooooooooo2 oooooooooooooooooooooooooooooolllllllllllllillllllllllllllll
Eh oooooooooooooooooooooooooooooo
PS hc^hh HHHnHnnnc^nnr^nnnrifnw www wnnnn
< HMD rH rH rH rH rH ONrH ON^^ONCncn^^CnaNCnONCN-CN-C^C^CN-ONONONON












ta O X s www
• cc « w Ph p* WWiJH s pq Eh O 1 KKK I ^QQQQQ W
rH ~ O Q o o o M Q o PMfL,pL,OrD>H>H>H>H>HOOM s CC Ul cd cc cc; Pm <c h cc; cc: s o SSS^WKXKXSSZKOo pq 1 pq cq pq cc: a W H Z 1 i 1 M 1 1 1 1 1 1 HHUZ
Eh z i w w 1 1 1 j^Mwooo^ow&awww^^EHrH
cc: (l,ft;2ft£l< CH2W2<;Kr^hlOKW2;2;202WrtWWWOUr^tf




























CM en r-l U^ i-H MD O- CM OWQ CM CM MD MD CM \Q
!-Ovo en en en m o- en ^n r-i ^- en o\ o-co co
on o-vo -3-o-a\oencMo-oo\ enco md ^n
rH m i—1 CO ONO\0\0\0- 0\-d" O- Cn cncO C^III Ifflltllllflt
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
\o encM^j- tno^oco en o- en u-s, u-s, en <—
i
CMriONH cnMD O^O O- en ^O CO \Q H^O\
cm as cm o-o-oo co owo o-co co co o en en





cncnmoscncncncnoN en^t co wowhh
cno\cn^no\a\o\envrA envo vo^ocoh enco




Er* Eh2O >h H Q S3
o a hh oa o
v_*
1 1 o
Eh Eh 2 M EhWWW i w
• co oq En co oa
1—
1
2 2 Q HK EhM M UOP^^AhOWM s zsfes S 2 w
a 1—1 H 1 WOH




Eh £ x WH W X > o
W W W rH OS cc CO hn
w ft p ,_q > ! Jo i o w I P W w
a o x p KKOhhSM 2 1 w w o PC w o
C£ rH CC 1 Eh Eh CO W
Eh ^ W W W <C 2 l 1
Pc; O En U SEIZES
















o fc CO o
•h a) •r-3.rH
H C o > •
3 CO U O C
cd W) ft-d Sh
?H o





c - cd cd cd
•H ft ^1 03
PS • •H
C o 03 P ^ CD§ k • C^ O P
o O P3 CD ^H X
x: ft ^ fc»D
03 C < P -H
O >)^HP -H >J Jh O
k 03 fc CD ftrH
O 03 O P> ft-H
ft-H 03 p ^s cd
ft s 03 Cd 03 P
3 03 CD P
03 C O CD -
cd o CD T3 03
CO k cd M-H P
> Eri cd > ,c
•H CO in O hQ
03 G X O Jh-HC-H4J P ftrH
03 T3PT3H i-3 ^
W cd
H °ft o>


























































































































































Ciq ^2 SH W
Hi Q
Q




















































t>- un cm o- cm co ^j- ono uN-rr -3-
















•• HI p 3
»-q « <c •• OWWKHS






















































W XQQ MS2 "8
Eh
g 00 W cy
W SQ XQ W Eh
Eh O Cf XX Q
CO MX 1 1 <c aS M Q i i cn
w W > W Q s











O H Q >H













-3- cm -j- cm r>-j- cm o-\o cm cm \o o
P 2 XQ Eh XX O MX W XM
Eh 00
^"2 X <
2 x 00 w 00O X S Q >h wO o
X
W Eh
Eh O Ch a
o2
hH Cm M Q X XM O W > W 1 ^ 2:X 2<s § r\cn i XQ H X O X x CO OWO \0 ON^^rH^j- O-HMDVO CM
9 W H" |J H o C^VO ONCO M-TT C^ONC^C^rH M M00 ^X s--*s~*. Q o O-CO V^U^j^ U^cnC^-O-C^ONO-rHX < X 00 < -3- o Eh CM^}-\0 O- C"> CMTN O O-O\O\O\C0
<z
a
o s MD^J- Eh 00 1 1 1 1 1 1 1 1 1 1 1 1 1
Eh W X • • 2 ONCO ONOW\OvOCO-J-noC^!N
o X Eh X CM^}- <c X cmcococ-ncmcmo-ovo r^\o c">o
s x m <c II II o o ^OJCO NHHONCO O^COtSnM o o M 1 1 1 1 1 1 1 1 1 1 1 1 1
H M X X oooooooooooooX E-fEH H 2 ooooooooooooo
o •• <C <C a 1 1 1 1 1 1 1 1 1 1 1 1 1
C7 X Pi o Eh O^^OO-OOOOOOOOfN-
Eh > N_XV_X H X -Cr M O NHCVKnc^C^tnnr^NO < 00 <C ONCOCO cnonon^ac^c^osonc^on
E x x X CM CM CMV^xnCM NU^VAnc^^^AX >H >H oX X 2
w XXX 1—
1
>Q o o <cW X X X X
Eh oO X X 00
w X o o S
"3 <s w Q Qo x o o Eh 2 X S 2X Eh O O H X S Eh K X W XX owo Eh Ct) 00 O xw oo w°JEhXEh OIX 1 XEhX 00 IOXX>hX EhOOXU<; M cm •
• 2 2 2 H
1
2 1 EhXOXOOI M CC 1 X
1—1 o o o M W EhXWWEhXOOO xxowM Q Q Q h- o 2>W 1 H <: 2 o §21Si xox hzmuhi
Eh WWW
00 00 00
Eh 2 SXCJOO^XXXMEh ixooX X W02XX<;00XXX0X



























b CQQ al CQ
—
CD CD3 ft c2H ft s

















o w WX OQ




















H WJ Q Eh QfH&]H2vr>
»r> <c 3 <c CM CM






S hH CO p-t q m qp •
or *1 <C W Eh &q \o CM 3-Q w Ph S H Q O r-i O2 <c i-q 2
vO <c QC <^1W< \ \ \
CM 2 W >H r<rlSi rHooocnooooooo ^±
rH W a. cr: 0<CHWCOQ Eh r3 Q
o CO COO CO pe: COO E-t P m
^PC Q
o\<: K m w co
Ph <q Eh3 2 Q
E-t Ph pOWW
CO CC O Q Eh hq Eh QM M 2 H i-q H 2
vA<Z O <C Eh <q < OOOOCMOOOOOOO CM
ph IN- > CO W 2





w W Eh rH O
hq o o <S
PP 2<; » CO Q
<C <c VO p W co^.
Eh § K r-\ 3 2\o o ON 2 &q q NO ^J" CM
vA Em rH w rq EH w O
hq rH w qHQ
«a; ^ 1 s <C 2 \ \ \
CM Eh W <5 rHOOOrHOOOOOOO CM
Ph x; rH W qzlO M PQ Ph H WQ - <qp
co 2: ^O 2M W rH O
CO Ph o\ r-
1
>h An r-\ en Eh
^<: r-i <C C^-VP,CM C^^COci- HVOO^AH <-\
<c 1 r^ Q r-i CM rH CM r-i20 CM •• w W CO r-\
<C Eh r-^ CO CC "S 2 •a
Eh PC wow
eho -hqR Srispc 2 2 h-lEH ••
£ — <q i-q H W W 2 •• § X <; • •• H 5 3 COQ § 2«C S -DHfHM<j Wi_qa:<cO rqW W Ph 2 W Hq<;qo2 ccy w woiz <Q




1 P Eh >h Ph H Z^XOhlKKWCCXE^^Z O
Of rH co< hq WfeWOWEHCHKfflSWXD Eh
> w2 WH 2
rH
CO pq t-q







Ph r3 CO 2 r-i\0 O-CO 0\04- ^T\MD C^-ONrH
rH <C Eh w OOOOOrHrHi-HrHrHrHO-N,P Eh OC hq OOOOOOOOOOOOQ1 O <5 O Ph u^^AU^iAiOiAiPiU^in^^A^n













H S Q EhQ w a?
Eh O 6 a
00 H 2 P <c wS M &q 1 1 1 a
W w > 3 1 1 1 o 2
Eh 2 <: o 2 <:
1—
1
1-3 P <c W OOOOOOOOOrHOOOOOOOOOW ^<; o P2 W 00 wM O 2 J p >HP W Pi 2 Eh
Q X Eh <C2 H g OW w3O p
P >HP Eh
<C pq O*
*—>. P 00 2 >HQ Ph W Eh
P <c o
O*
CM CM 0^ CM CM VOcj- vOCMCMCOiCM^-CMCMCnCMCMC^
2 2: 2: Q Eh P r-\ r-\
h-t o M 2 W Ph








o2M H 2 wM eu MP -3--3-.3- 2 C£H o W > W2 < 3 e 2Q MKO w W O MD O-CO CM OWO HOO\ ^-3- CM C^ O CM ON O MD
w W P P ^-V^—
»
M O 0\XOCM(TNrHvO ONO-3-iH O- O H 0-3" O CM^-^f3 oo — P cnvo a O O- cn\0 IN-VO CO^OCMOCMC^CMrHOON CNvO C°\ H
cq < w oo <: CO o Eh O -3" -3- CM £>-^h\O^OJU^H\OC03 H\0 0\CM O
<: w o s « * ^ 00 1 1 1 1 1 i I 1 1 1 1 1 I 1 1 1 1 1 1
Eh X W P <-\ <r\ 2 O C^Uj- ONMD COOs^iiS 0^^- 3CSOVO O vO O- OO OS Eh Ph II II <5 K CNVQ CO CM ^- CO CO O O ON CO ^2" CNCO CM CO O- ON ^N2 2 M<c o o O O OMDCD^nCM CM CO UN ^N CM CM\Q ON CM CM UN CO £>-
O
M M M 1—
1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Eh Eh w cc oooooooooooooooooooW <E <C H 2 oooooooooooooooooooO •• CC cc 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1O—'^ O Eh oo^aov-nv^u^oooooc^-oooooo
Eh > M cc f^f^OdOHOHH W^HNNN3r\nc^O <q PC X 00 <u ONONCO ON CO CO CO ON ON ON rH ONONONONON^^O^OW >H >H Ph V^^CMCMCMCMCMCMCMCMVO^^O^CMCMCMCMCM
w a: aW P 00 00 2
w oaccXDD 1—
(
>Q o o <:
W Ph X X x
Eh oO Ph Ph 00
w POO §
^ < w W P2 O >h Eho X o o Eh
a: Eh O O H CdSEH PCdPOM
Ph owo
< rH CM
Eh W00P OH EhPI^
EhCt; P EhPWEhO EhCc; P3EhW>PWPoo ipwpcncdoEH W i hH&q•
• 2 2 2 H
1
2 00OX!l> ehWoopoopcc; ix^oM o o o 1— w 1 W Eh 1 P W • PhEhEhP£)< Eh W P1— POP 1—
I
o
EHEHl2O>00QdEH MMIO ZQtfHWWWW2 1 WWI^OOP KUZHK
Eh www Eh 2 ^^>§H^OEHWtt:<:<WWO§H<qEH
CC 00 00 00 CC 0000PWCCO2P00<;PPHp00EH(iipPpd

























































ZO Eh QO 2 S
3 OQ Ph
l-H 2: W PS 1M (VI Ph C5M § UKSEO 2WOH
E-^ 2 M Eh 1 W
CC K^ChU


































































































































































































































o o2 o Q
<s W M
Ph Eh ISO Q p o2 Eh t-3
















W a2 mH Q
01^
s>W Q
































H-3" U^VTifNHO CM CM O o
HOOOHHOCMHHOOOO
o-h -3- cm on -3- cm co -3- ^n o\-3- r>- ^n
r-i CM H H CM











W O W En Ph cq
HiP
,-q CC Eh <E •• O
UWHQO^































































s M X C^i ON 00
w X > 3 M
En 2<C oM MX P
h3 hHW ^<c2 X COM









B 2 O2P2 o MSM
En CO
^"3
2 X CO ft) >H
o X S P Eh
o o W Gf
V—
»
X Eh OH2Q 00 CM m















PC >H >Hh XW O PC CC
Q O O
W Ph X X
Eh OO Ph P-,
w hH O O
>-3 <c
o x o o
« Eh O O
Ph O CM o
< M CM
• 2 2 2H o o oH Q Q Q
EhX 388



















































HH § O XO o>






M NO M ON
ONNO O-nO CM M CM4-NOJrlH (TNVO,
-j- vPi\o ^OnOnO 00
^n^n^-co o-rr m
i i i i i i i
MC0-3- CD NO CO O-
o-m oo co-3- ^n^f
ooco4-<m en en
i i i i i i i
o o o o o o o
o o o o o o o
I I I I I I I
o cno o o o o
CO cncO CO CO CO CO






































ON CO O CM £>-0M ^OnO M V^^j-
CM <nNO M en ON
VTN.cn ONC0 C^r-\
I I I I I I
enno cm o-no no
onno x enno cm
cm co o cnoo cm
















































o o p o oO O p o o
I I I I I
O M O O-M ,
CM no O IN-NO CM
























































\0 O- CN CNvO U^\ CNCO CO CM ^OONrH CNNO
-TT \0 \0 O-vO ^N C\2
MD ON-rJ- ^COnCMHH U^VO <MO C\i UN o O- H O-rHNO^O
CM 0- O CO UN^h CJV-NVOCMCMO-OON ^NOO ON ON ON O- <M <TN
0N\O -3" CO CN CO CO CO 00 r|VT\ U^vO CO 00 O- ON ON ON ON UN-3"iiiiitiitiiiiiiiiiiiii
i i i 1 i 1 1 i 1 i I i 1 i i i I i i i i i
ON<MUNONrH\0 CN <TN <TN CM _j- ^ ct rH \Q NO UNO ^N CN-3- MD
CTNOrHCTNON<NiUNC>-C>-CTNHCOrH;cOCvJ^- o\0 O ON rH O
-3- tN-OO^j" C^N-cr OJUNVNONO-COtHCO CM^ CO CO CO O-O-rH





00000000-£>-0000000000000wwnHHHc^oo r^cNriH w wnoNnnricnc^
VTNUNrTNH O-N0N0rNC'NCrN<rNrNONH CN-C^-ONONONONCrNCrNUN
CM CVJVNCnUNvnvOUNUNUNXTMrN CN^}-
-rj- ON CN ON ON U~\ UN CM
2M
Eh
§ Q Q Q g SoO 00 CO S 2 Q O o s
N_^ aw a u fjE^ 2 >H 1 EnWHiH< X EhWWXSEhH^SKO 1 W wkoo
• J < 3 00 X PhP >< 2 1 2 3 Eh i (X, pq >h CO CO 00 PhH 2 i Q CO CC 1 Ph WH Er^ O 1 fHZDSK^DSfeZf^ O >h 00 C5 Ph O CJ S CnH § CC2X<:20S22PhPhO l Eh 1 H Ph 3 1 1 1 1—I 1 as 1 M S O H M 1 1Eh 2 OCmiJK 1 1 hJQQ^hl W W tsd M 1 t*J N> ^ 1-3
CC w<<<^Ei<:5DU<h:l<wwda;fHOO<:<;






rH £ "H P>
CD +^ £
ID 3 lw 3)
XJ Ctf O -HS <+H rH
CD T3
CD ,c M cti
x: -P C CDp
.C C <D
c MO ^ O
•H 3 -H O -H
O 03 "P >
CD ^•H CD
W) p> > fcuDTJ
ctf HOC
!h OJ £-i .H >j
CD ft C P
> T3 O CD
O CD *H -H ^H
o •P o 03 nJ
O «H 03
CD C CD >
> O O U
•H 03 C U CD
CO • CD CD ftX
C 03 03 T3 P
*~>. CD ft 03 -H CD OQ £ 3 CD > U
W CD O C CD CD X)D u U
CO T3 -P ctfz ftOH s CD C
Eh o c ^•h ra C
2 o o ch cd ^O .•H P £ o
o >s03 CO ,cH 03 CTJP ^
r-4<H o O ~
s
cd S •HOCtD





C Cti 03 fcuO
a
-P U bjD d SU-H
ft£n •H 3 CD rH
m CD 03 +>H
<: O T3 03 rH -H
Eh X c o aJ -h aJ




























-• • P P Eh P
P-t W H SMD o
LfN ON <CS «J ON H ON H CM\D CMH 3- CM
VP> K P§ wH
1
„




Eh CM P-t ca^
<C H H W P s\P ON P - fcQWQ
CV2 G?
fi
<C W Eh W ONCO O ON O- O O-Q rH » g H P O H CM CM H CM O2 1 < P O 2
* <i m 05 <c P w <5 \\ \^^^ \^ \^ \H S H w >H Eh P g S HCMOCM\OOOOrHOOOOOH ON
vnw K cn O <; H W HONP •* o Eh P P
o H oa Ul
o c/2 H PS oaO En on D w
unpc: CM o o P
o\< rH W o WWW
PL. 1 < Eh<5S P
Eh 0^ Pl, p o w w
oq cc H o P Eh P Eh PM M 2 H P H 2
^5? - a <c Eh<; < CMCMOHONOOOOOOOOOH ON
Ph O > W W SWW
Eh K
rH < <c m P2 w
on. Eh P PL, H P
> « CM < w<p3 <^ H P
" Ph <C 1
W P3 W Eh H w
PQ O O <c
<c z<: •» GO p
Eh <q O p w ca^fc.See o Ss\O O on 2 o W PP fe CM w PEh W. ON O CM CN- cnH rH PrH P O H rH H o<2 1 § < 2
ON EH <y| <^ \ w \ \W X rH w pgg HOOHO^iOOOHOOOOOO \aO M PQ PL, h WQ - <P P
02 S 00 ON 2H W O LfN O
CO P-t c^h H
>hPm CM ON o- EH
P<C H H 3< 1 1 P HrHMD OvO^OCOvOONO-o^HLiN ^}-S O ON ON •• W W ONH H CM H rH H ON 00
<EH H H C/2 s -is M — H
Eh en wow - •• - p o -
cc 2 o S P Eh -EHP -PX 2 -2 —W *• m o <:p hh W W2"SX<--H - p S UlW Q § 2«c g-pDMEHOQo; ci3Pcc;"Eh<:~omp<pos Pd S w w >h oa Pd w z pw M PU s w <2 > M w wp 2 2pxopaa;MKSEHOO^<2W^WOWEHpHKPgoapQXXOP EH*<—
*









HMD IN-OO CN04- ^NVO O- ON CM ON H ONH < Eh w OOOOOHHHHHHCMCMONON
13 Eh pc; o p OOOOOOOOOOOOOOO
Of O <c O PH xi^x^xou^vou^x^xr^vou^xoxAi-n'uNxo







P .Q o Al
s 2 >HQ HQ Eh2 —*2 i—
i




w W H W rH-3" ON
EH 2> 3H H <; O
W Hi2 Oh GO <;M OS
P W el




^-N PhQ <c P
w °v
„p 2 2 >-i2 o M Q Eh
rH -^Z H
EH GO < Eh2 os COS 2O D S W <CO o W Q pX Eh Q*M O
> Pm 2Q CM ON^-
XJ o W M W2> 3 rH
a
Q m <: oW I-3W P
m 00 P ^—v>—>.
< <c W 00 <£ ON^l
Eh OS £>-\0
OS W P • «o OS Eh Ph CMcJ"2 2M<$ [I II






B OS OSOS >H >H
Oh pW O OS OSX p PQ o oW Ph X P
Eh oO Ph Ph
w P O O
h5 <o POO
OS Eh O O
Ph ONO
<; rH CM
. 2 2 2H O O OH
P P P
Eh WWW
OS 00 00 GO
<c <C < <































































UN CM cm vr>
OOOr-IO o-o 00-00000000
enm cn-j- cm cm^ en on cn^- cn^o c^ cvfr ^4- -3-













































CM M0 rH CM


















rH H 00 CM OVO CO
on^- o-3- u^covo
en CM CO vr\_3- UN en
CO CM\Q O ONCNtTN
I I I I I I I
OnvO OiNNHH;
U^mD O UNO-ON^J-
















CM CM ONrH O
U-\u-N,uNrH CNCNON
















O Eh OS2 W WH Ph Eh
OS Ph (-^




OS OS w w
Eh Eh OS P
PS PS <q O



























































O- O- O- vtn in CM
OOOOOOOnnnNWH


























O- s- ON C~\ ON
I 1 I I I
-3- o-ovo cn
\o oo \o co enO ^00 CO c^





c^ c~\ c^,m en














I I IHO CM
r^co »nH CM CM 00
I I \ IOH OO O
















w z3 00 EhW PC CO
ft o
CJ K S ftZ W O IH Eh l O !^ W W



















H § S Eh



































































































ft ft cd u o--p
cd ft o ftcn cd
































cd SH CD CD





















































































































































kh- Q Eh QPhWhz
o w s
O i-Q M Q
z <: hQ
00^
































































.... <q •• f_q OEhO •• X J X 2 i-l
00 2 " S 00 !>< <Z " - H • pDHE-iW < &q i-h1 CC •• Eh <S "





































































J=» S Q >h a?
w W EhQ H 2 PPh P
oo H Q < W2 W > W 1 1 1 PW 2 < S 1 1 1 a 2




















^_^ £ 2W EhP < P V a*W o § ^-vomdmdcmmd CMCMCOCMCMCMCM-^- covo cm cm cm
P 2 2P Eh P M2 O H 2
a
PhM *—•<! <S
9h 00 S2 cc WW 00O o SQ >h wo o W Eh
Eh o arM2 CM CM CM
o2
M Ph MQ CC
a
o W > W
s<:3 e 2Q MX O w W vO^OOOCN-aDCOCM^-MCMCO^-CMIN-OSOCOM
a
W P P M o NNCOvOOOHHHH^ CO^- M vo_j- CO \0 CO
1/2 *-*P y"-^*—
s
P o WH^iOs^^^^^^H CM\OM COCM V^XO^O
pq <C W 00 <c M ^O Eh O^OCOM\OvOvQvOMD\O^OCOCMCO CO^AOONO
< W os -cr co Eh 00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
e-< CC W P • • 2 \00\MOCMCMCMCMCMCMCM\0 CO 0-\0 C0 0-\0 O-o CC Eh PU M CM <C PC CD M 0\M O-O-O-O-O-O- O-rr -3" COvO ONCO o-co2 2 M <C II II O o o\o\o\mcococococococomd o coco cmcmco cmM Q O M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1M M w CC ooooooooooooooooooo
fa Eh Eh M 2 oooooooooooooooooooo 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1Ok ffi O Eh oo^o^o^o^oooooo^-oc^moooo
Eh >Wv_ M CC 4-WOOOOWIMWWNVOW O-MD CM CM CO CMO <s 00 < ON M CO CO CO CO r-\ <-\ r-\ r-{ r-\ COOnONONO^OCO^O
E cc cc Ph CM COCM CM CM CM COCOCOCOCO^O^-O^O^OCM CM ^O CMCC >H >H OW D 2 00




Q O O <CW Ph XX X Ph
Eh O pO Ph Ph 00 W P
n
poo s 1 2 2 2 2 O
< w EhQ OEhSSSSCCo x o o Eh 2 O 2 2 M 1 1 1 I 1 O
en Eh O O M WCCEh m^CWW|JhPhW2
Pu O CM o
<: M CM §2 00 CC P p P P P M Eh Om o pu Ph ><:<<<;<: 2 O Eh OPOI OOPXXXXXM^O X•
• 2 2 2 M 2 W 1 Eh 00 <; p pH o o o M O W PI0C5C300EhPW PhH Q Q Q M O CC2002>222222WXI EhWM OIOMMMMMCCIXW^ W
Eh WWW
oo oo oo
Eh 2 EhXOEh^EhXCCCCCCCC 1 W 00 Q CC O i*i O
PC CC P00200O02<;<q<:<:<:O00XO<;2002























cm cm cm .3- o~\^j- -j-cncMCM^-mcM^-cM
OS
coono-cOi-h^j-cmu^cm mo- onno no o
c CD ^J- MD m^D O CO m C°i^J- 4-OtnNH
o 00NOHNO £>-\£> V~\r-i ON *n ON H NO
Eh
CQ
O-j- CO -TT <—1 \D ONNO vOOOf^ONO\n
1 1 1 1 1 1 1 1 1 1 1 I 1 1 1lllllllllllllllO «^vO H ON^ ON ^O CM U^\Q -zt NO -3- r-\
OS Cn CN--j" CN-OrHr-ICN-O-O-O CM (>-\Q ON




OS wojnnHc^cnH mmmmmen en
< u^vou^vocnvou^cncnmo^cncnasON














































































<C •H T3 •M >s <D
CD C X >
> w •H
•H Td CQ
CQ CD C C
C J3 cti CD
-P P
£ - X •
CD • CD CD T3
U CQ id CD
P* C 'erf >s -P
e O £h H O
O •H PQ rH C
o + cd
O - C CQ
>5<D o CDH CQ O •H CQ
CD •H -P ra
s >5 CQ ft CD
CD U CQ CD C
h O -H a
s-P CQ S X




c O in U O
< cti Eh cd 2


















"be helpful to the reader in understanding the data presented.
At the conclusion of each table are provided some general
comments where appropriate regarding strengths and weak-
nesses of the particular APL being discussed. The comments
made are of a general, organizational nature. Use of the
statement "No significant weaknesses noted" is not intended
to refute the statistical data contained in Parts I through
III of the tables as the comments do not concern themselves
with the content of the statistical analysis.
There are two situations wherein the author finds his
analysis to be less than adequate but, regretfully, unre-
solvable
:
(1) there are several APL's for equipments which generated
so few parts requirements that the comparison is necessarily
unrevealing; and
(2) with regard to the accessory API's dealing with
hydraulic systems, the demand data presents an inadequate
picture of hydraulic hose replacements due to the practice
at FWC transportation maintenance section of buying hose
material and fittings in bulk quantities and of locally
manufacturing individual hoses as required. Due to the
substantial variance in lengths of hoses fabricated from
any given hose size, the author made no attempt to equate
this data either by type hose or by quantity to those hydrau-
lic hose assemblies listed in the APL's. Awareness of these
two limitations will hopefully enhance the reader's ability
to evaluate the data contained in the following tables.
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C. SUMMARY OF DATA PRESENTED
Tables II through XVI and the respective supporting
appendices amply attest to the low coorelation which exists
between the level of support allowed "by the APL's and that
which is required in the specific case of NSC Oakland's
forklifts. The disparity between the two sets of figures
is undeniably substantial. By adding the "Totals" data
from Part I of Tables II through XVI it can be seen that
the fifteen APL's analyzed in the tables collectively
allowed 1,736 line items in varying quantities ranging from
1 or 2 units in most instances to 350 units in the most
extreme case. The author recognizes that by totaling the
individual APL's he has disregarded the existence of pro-
bable redundancy of line items which appear in more than
one APL, but he has done so on the basis that the suggested
quantities for all the line items appearing in the individual
APL's would be cumulative even if for a lesser number of
line items. To the 1,736 allowed line items from the fifteen
APL's reviewed add the additional quantity of 372 line items
allowed by the three APL's covering the ten equipments which,
as indicated previously, did not generate any repair part
replacement requirements during the year and it is observed
that there are 2,108 line items in varying quantities which
constitute suggested stocking levels in support of the 130
forklifts involved. Yet of this potentially extensive inven-
tory, only 117 line items allowed were demanded by the
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specific prime number identity cited in the respective
APL's, only another 2^5 substitute line items were de-
manded, for a total of 216 different line items demanded
of the 2,108 allowed. These figures represent the totals
obtained by summing the "Totals" data of Part I from Tables
II through XVI. The reader is reminded that the figure
shown as the total of the different line items demanded
within each APL is normally less than would be derived by
adding the respective total demands for allowed prime num-
ber line items demanded and allowed substitute line items
demanded due to the occurrence of more than one demand for
the same allowed line item; hence, the figure 216 different
line items results in an apparent contradiction to the sum
which would result from combining the figures 117 and 2^5-
Comparing the 216 different line items demanded with the
2,108 line items allowed, it is seen that barely ten per
cent of the APL suggested inventory on a line item basis
experienced any stock movement. Moreover, assuming the
total number of non APL allowed line items demanded could
be determined to be demands for discrete allowed line
items, in the best case it can be seen that the 393 demands
(total from all fifteen tables) for these items identified
by the author as being "Non APL Allowed Line Items Demanded"
plus the demands for the 216 allowed line items would result
in demands having been experienced by 609 of the 2,108
line items allowed and a consequent movement of only 29
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per cent of the suggested stock. In the author's opinion,
however, this "best possible case is unattainable high in
that he is convinced that a majority of the 393 non APL
allowed line items demanded are properly identified as
not being allowed by the APL's involved. For information,
Appendix P indicates that the APL provisioned forklifts
collectively generated demands for 386 discrete line
items.
Whatever the exact number of distinct line items allowed
by the 18 APL's, without some kind of coordinating allow-
ance document similar to a Coordinated Shipboard Allowance
List (COSAL), the 18 APL's would still suggest stocking
an inventory consisting of a range of items comparable to
the number of distinct line items allowed from among all
18 APL's and in a depth comparable to the allowance quan-
tities indicated for each of the 2,108 line items among
the individual APL's.
Even as the correlation between the line items demanded
and the line items allowed is low, this is only a part of
the emerging picture. So, too, is there a preponderance of
demand which is less than the APL allowed quantity. Part
II of Tables II through XVI depicts this situation on the
basis of the actual equipment operating hours. Collectively
the 216 APL allowed line items demanded (combined total
of identical and substitute item requests) were ordered in
quantities less than the APL allowed quantity 8^ per cent
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of the time (recall, however, that the quantity demanded
used in this analysis was the smoothed demanded quantity)
.
Part III of Tables II through XVI drives this point home
convincingly even though the comparison is again made using
smoothed quantities demanded "because whereas Part II deals
only with comparisons involving APL allowed line items having
experienced demands, Part III shows all significant dif-
ferences between APL allowances and quantities demanded
(or not demanded) without regard to whether or not the item
experienced any demand. A summary of the data contained in
Part III of all fifteen tables shows 500 line items for which
the demand quantity (smoothed) was significantly different
from the APL allowed quantity and in ^76 instances the APL
allowed quantities were significantly greater than the demanded
quantity. A detailed analysis of the composition of these
4?6 instances of significantly greater allowance quantities
would show a redundancy of line items both in terms of
identical identifications and also in terms of similar appli-
cations.
The author will not delve deeply into this analysis, but
suffice it to say that among the most notable items showing
significant differences are spark plugs and engine oil
filters. Without exception, in all thirteen APL's cover-
ing forklifts having internal combustion engines these two
items are conspicuous in the size of the difference between
the quantity allowed and the quantity demanded. Other items
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such as engine overhaul parts and other fluid filters
are observed as appearing almost as consistently among
the items having significantly greater allowance quanti-
ties than the quantities demanded. The significance of
the presence of these items among those having allowance
quantities substantially greater than demand should be
readily apparent: these are the kinds of items that are
utilized in the performance of scheduled routine main-
tenance actions which are in turn conducted at prescribed
intervals based on equipment operating hours.
Referring back to Part II of Tables II through XVI to
the projected effect of increased operating hours on the
quantities of APL line items demanded, a summary of all
fifteen such tables indicates the following: that whereas
the quantity demanded is less than the APL allowed quantity
84- per cent of the time based on the actual equipment
operating hours, the demand would be less than the APL
quantity 62.5 per cent of the time were the operation of
the equipments increased to an average of 1200 hours per
year and the demand would be equal to or greater than the
APL quantity 63 per cent of the time were the equipments
operated an average of 2000 hours per year. The precision
of the extrapolation is doubtful, as indicated earlier,
but surely the overall lack of correlation between the
APL allowance quantities and the quantities and range of
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items demanded by the NSC Oakland forklifts has some signi-
ficance which cries out for an explanation. The author
"believes that the explanation lies with the low equipment
operating rates which in turn translate into low parts
utilization rates. Because the applicable APL's are founded
upon the rather vague criteria of a ninety day endurance
level, the APL's lack the flexibility to accurately project
parts usage rates except in situations where some undefined
high level of equipment operations coincides with the ninety
day projections. In this age of sophisticated systems anal-
ysis, we ought to be able to develop a formula which, by
taking into account all the relevant variables such as oper-
ating hours in the case of forklifts, will generate reason-
ably accurate parts usage projections. From these projections
allowance parts lists could be prepared which would serve
as highly credible inventory planning guides.
D. OBSERVATIONS CONCERNING MASTER LISTINGS OF PARTS USAGE
DATA
Appendix P is a consolidation of all the parts demanded
by the 115 forklifts which generated demands and which were
specifically provisioned by APL's. Appendix Q is the total
annual usage data generated by all of the forklifts on the
NSC Oakland MHE allowance. Both appendices indicate degrees
of the same phenomenon: RtfC's extensive use of certain
items which their experience has shown to be interchangeable
among the majority of the forklifts supported. The author
will not attempt to comment on the technical aspects of this
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interchangeability as he is not qualified to do so. Suffice
it to say that the PWC transportation maintenance section has
ascertained that an acceptable level of interchangeability
exists among these particular parts and the parts actually
prescribed for use. The advantages reaped from this know-
ledge are intuitively obvious: less line items required in
inventory thus facilitating better inventory control. The
author envisions that other activities having similarly
diverse populations of forklifts might benefit from the
parts commonality data contained in Appendices P and Q. In
the brief list to follow are some of the line items exhibit-
ing this commonality of usage. A comparison with the API's
shows that some of the items presently appear in one or more
of the APL's, but that additionally the items experience
demand from equipments covered by at least three APL's in
which the item is not cited by the specific National Stock
Number. If the interchangeability is as real as it is appar-
ent, then perhaps more APL's in the future can be prepared
reflecting increased standardization of parts among APL's
thus giving this data widespread dissemination. Among the
parts prominently demonstrating this widespread inter-
changeability are the following:
Bearing, Ball, Annular 3110-00-1^4-8589
Spark Plug 2920-00-5^0-7539
Regulator, Engine Gen 2920-00-561-8376
Capacitor, Fixed, Paper 5910-00-6^4-620^
Filter Element, Fluid 2910-00-652-W+6
Parts Kit, Eng Water Pump 2930-00-851-7608
Contact Set, Dist. 2920-00-876-9117
Filter, Fluid, Pressure 29^0-00-892-621^
Cup, Piston 2520-00-916-3662





A. VALIDITY OF FORKLIFT APL'S AS A PLANNING DOCUMENT
From days gone by when the author lamented the failure
of APL's to project adequate ranges and depths of repair
parts support, this research effort has led the author to
see the other side of the coin. It can be truly said that
while the APL's applicable to the 130 forklifts at NSC
Oakland do not provide for every requirement which is gen-
erated, they do provide quite abundantly in quantities those
items which are allowed. Unfortunately this abundance
in quantity is scarcely more to be desired than is a situ-
ation of shortage. In an era when shrewd financial manage-
ment of resources is a matter of concern within every compon-
ent of the Department of Defense, when a watchful Congress
and an attentive public are quick to rebuke the military
services for wasteful practices and inefficient management,
it behooves every manager of military-owned inventories to
manage his inventories prudently and to invest his limited
funds in those items which can be reasonably expected to
satisfy a pattern of recurring demands. An allowance parts
list should provide such a manager with an invaluable plan-
ning tool by which to determine which items and in what
quantities to include in his stocks. Regrettably the allow-
ance parts lists for the forklifts at NSC Oakland would not
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be of help to the manager attempting to develop his support
of the forklifts based on these documents. In fact, for him
to rely on them for this purpose would be disastrous in terms
of the funds indefinitely and inextricably invested in these
allowance items. The author recognizes the desirability of
including items of an "insurance" nature in allowance planning
documents and no doubt a number of the non-moving items on
the APL's involved in this study were specifically incor-
porated in the API's to provide this insurance coverage.
Nonetheless, the numbers of line items experiencing no
demands and the numbers of items having allowed quantities
significantly greater than the quantities actually demanded
cannot be explained by mere reference to the inclusion of
some insurance items in the APL's, for it is no doubt true
that the insurance items contribute at most only insignificantly
to this situation. It all boils down to the fact that the APL's
were not designed (and perhaps were never intended) to
extensively adjust the scope of their coverage to retain
their reliability as a planning support document in situations
of low operating hours as well as high operating hours.
Without the flexibility to be applied to a range of operat-
ing situations, however, the APL cannot reasonably be expected
to serve as a credible planning document. Perhaps if the
variables involved in the formulation of allowance parts
lists were more explicitly stated, an activity having such
an APL could use it as a starting point for determining its
own local stocking policy.
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Placing matters in perspective, the author recognizes
that no matter how good or bad APL's for forklifts might
"be, the dollar value of the associated inventory which they
represent is an insignificant amount when compared to over-
all Navy expenditures for inventories in support of its
assets. Nonetheless, for the inventory manager at the
local activity level, judicious allocation of his limited
operating funds in inventory support of his operation is
a matter of continuing concern to him. APL's are intended
to assist him in this endeavor and, where APL's can be
improved in meeting this objective, the author believes
that such should be done. It is the author's opinion
that APL's for forklifts are an instance where improve-
ment is needed and where the capability exists to collect
and analyze the data in achieving this needed improvement.
B. RECOMMENDATIONS
It is not the author's intention to condemn the basic
concept of the APL nor to belittle the efforts of those who
have conceived it, developed it, and brought it to the point
of refinement at which it serves admirably as a planning
document in those particular situations conforming to a
certain degree of sustained equipment operations. The
author firmly believes that the usefulness of the APL can
be immeasurably increased such that the APL can be reasonably
applicable to the most diverse operating situations. To
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achieve this goal the author recommends the establishment
of a comprehensive program designed to capture and evaluate
repair parts failure/replacement data in order to ascertain
the mean time in equipment operating hours between failures
for each item. From this data plus the data relative to the
scheduled maintenance actions could coneivably he developed
a highly reliable support planning document based on equip-
ment operating hours.
In addition, it is recommended that further studies be
done in this area to develop adequate analytical techniques
to evaluate the relationship between the variables which











KEY TO THE APPENDICES
Part number of item demanded, blank in
many instances where National Stock
Numbers are used.
National Stock Number of item demanded,
blank in many instances where Part Num-
bers are used.
Quantity of item ordered by indicated
transaction.
- Unit of issue of the item demanded.
Julian date and serial number identifying
the specific order action. The last four
digits are non significant when "0000"
appears
.
- Action code signifying that item was issued
from PWC shops stores when "I" is used
and that item was ordered from commercial
and, occasionally, military sources when
"0" is used.
- USN registration number of equipment for
which demanded item was acquired.
Code identifying the manufacturer of the
forklift for which the item was demanded.
Codes utilized are as follow:
AC Allis-Chalmers Mfg. Co.













MOD - Code identifying the manufacturer's model
number of the forklift for which the item




































CAP - Indicates forklift rated capacity in
thousands (K) of pounds
APL - Indicates the last four digits (understood
to be preceded by the digits 95000) of
the allowance parts list, when such exists,
which applies to the equipment for which
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